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EXECUTIVE SUMMARY 
I n  March 2005, the I l l inois Department of Transportation ( IDOT) tasked the Wetlands Geology 
Section of the I l l i nois State Geological Survey ( ISGS) to conduct a hydrogeologic characterization 
of a 50.9-ha (125.7-ac) parcel along Sugar Camp Creek in Frankl in County, I l l inois. The I DOT has 
developed 8.3 ha (20.5 ac) of the parcel as a wetland compensation site for Federal Aid Project 312 
(FAP 312, I l l i nois Route 3, Alexander and Un ion Counties), and proposes to develop the remainder 
of the site as a wetland mitigation bank. The purpose of this report is to identify the hydrogeologic 
conditions of the entire site and to recommend wetland compensation strategies. The data 
presented in this report include descriptions of geologic materials, and measurements of surface­
water levels, ground-water levels, and precipitation col lected by the ISGS from March 2005 through 
Ju ly 2006. 
Factors that i ndicate favorable conditions for wetland restoration at th is site include: susceptib i l ity 
of most of the site to frequent flood ing,  the presence and wide extent of slowly permeable geologic 
materials, and hydric soils mapped over 80% of the site . Also, the entire site is classed as prior­
converted (drained) wetlands by the U .S .  Department of Agricu lture, and several of the hydrologic 
alterations used to drain the site can feasibly be reversed . 
Although there are multiple .water inputs at the site , the most significant potential source for 
restoring wetlands is flooding from Sugar Camp Creek. Data collected at the site show that most 
of the parcel is subject to frequent flooding.  However, the period of inundation due to flooding from 
the creek is usual ly very brief and not sufficient to satisfy jurisdictional wetland hydrology criteria. 
The areal estimates of jurisdictional wetland hydrology (4.4 ha [10.9 ac] in  2005 and 28.8 ha 
[71.2 ac] in 2006) show that the site effectively drains in  its current condition and that closely­
spaced flood events (less than 1 week return interval)  are required to support wetland hydrology 
over most of the site . Therefore, reversal or modification of existing hydrologic a lterations is 
needed to prolong the period of inundation and saturation after flood peaks and promote wetland 
conditions at the site . 
Previous wetland restoration activities at the FAP 312 wetland compensation site, i ncluding 
blocking a d itch , have demonstrated that the slowly permeable geologic materials can effectively 
perch water, resulting in persistent ponding and soil saturation. This demonstration supports the 
strategy of blocking and fi l l ing d itches and surface drainage in other portions of the site to expand 
and prolong inundation and saturation in areas that do not currently flood or do not flood long 
enough to satisfy wetland hydrology criteria. Further recommendations for restoring wetlands 
include lowering and regrading levees, bui ld ing low berms, removing field t i les and culverts , and 
red irecting perimeter d itches. 
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INTRODUCTION 
This report was prepared by the I l l inois State Geological Survey ( ISGS) to provide the I l l inois 
Department of Transportation ( I DOT) with conclusions regard ing the hydrogeologic conditions 
of a 50.9-hectare (ha) (125.7-acre [ac]) potential wetland compensation site in Northern 
Township (SE1 /4 of NE1 /4 ,  and E1 /2 of SE1 /4 ,  Sec. 32, T5S, R4E) ,  Frankl in County, I l l i nois 
(Figure 1 ). The site is bounded by raised road embankments for Santor Road/Hen Lane on the 
north, by agricu ltural fields on the west and south , and by agricultural fields and forested areas 
to the east. I DOT has proposed to use approximately 8.3 ha (20.5 ac) in the southeast portion 
of the site for wetland compensation required for Federal Aid Project 31 2 (FAP 312) , I l l i nois 
Route 3 in  Alexander and Union Counties. I DOT has temporarily leased the remainder of the 
site for agricultural use and proposes to develop this area into a wetland mitigation bank. 
The purpose of this report is to provide I DOT with data and interpretations regard ing the 
hydrogeologic conditions of the entire parcel including both the FAP 312 wetland compensation 
area and the proposed wetland mitigation bank, and to make recommendations regard ing 
restoration and/or creation of wetlands on the property. Therefore, this report presents 
conclusions and design recommendations first, fol lowed by a d iscussion of the methods and 
supporting data. Supporting data include ground-water, surface-water, and precipitation data 
collected from March 2005 through Ju ly 2006, geologic data collected during monitoring wel l  
installation , and relevant f i le information. Soils information included in  this report is from 
publ ished reports and maps, and is presented for hydrogeologic purposes. 
Data col lection at the site is ongoing and wi l l  continue until no longer required by I DOT. The 
data currently being collected wi l l  be used to compare the pre- and post-construction hydrology 
of the sites, and to determine the influence of wetland compensation activities on the extent of 
jurisdictional wetland hydrology. 
SUMMARY 
The potential for wetland compensation at the Sugar Camp Creek site is MODERATE TO HIGH 
based on the fol lowing factors: 
• The extent of hydric so i l  suggests that much of the site was wetland prior to forest 
clearing and modification of hydrology for agricultural activity. The U.S. Department of 
Agricu lture (USDA) mapped hydric soils over approximately 36.4 ha (90.0 ac) or 80% of 
the site (Preloger 2003). The mapped hydric soils cover most of the east half of the site 
and low areas in  the west portion of the site. Partial field verification of soil map un its by 
the I l l i nois Natural H istory Survey ( I NHS) suggests that the area of hydric soil may be 
somewhat less extensive (Figure 2), but the site has not been ful ly mapped. 
• The hydrologic conditions that supported former wetlands have been altered. With in  the 
last 40 years, forested areas at the site were cleared , Sugar Camp Creek was 
channel ized and the former creek channel was f i l led ,  ditches and levees were bui lt, and 
culverts were instal led (Figures 3 and 4). It is presently undetermined whether a 
drainage ti le system exists at the site. Ditches and cu lverts currently promote drainage, 
and levees and raised road beds prevent minor to moderate floods from reaching 
portions of the site. Reversal or modification of these a lterations may al low wetlands to 
be restored. However, the natural hydrologic conditions that existed prior to modification 
cannot be completely repl icated due to channel ization and incision of Sugar Camp 
Creek, and land-use changes and drainage modifications in  the watershed. 
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Geologic materials at the site are slowly permeable and generally promote ponding and 
soil saturation .  Examination of bori ngs showed that the geologic profi le (F igure 5) 
typically consists of clayey si lt over sl ightly denser deposits of si lty clay, although some 
sandier deposits and fi l l  materials were encountered in locations corresponding with 
areas where the former creek channel was backfi l led and graded for farming .  
Hydrogeologic analysis showed somewhat h igher ground-water flow rates near the 
creek, suggesting that fi l l  and/or coarse-textured materials may expedite subsurface 
drainage local ly. 
There are multiple potential water sources for wetland restoration at the site. The 
primary water source is frequent, brief flooding from Sugar Camp Creek. Water levels 
recorded in Sugar Camp Creek suggest that most of the site is typical ly i nundated by 
flooding at least once a year during the growing season .  Floods replenish surface water 
in closed depressions and recharge shal low ground water, but the duration of flood 
peaks is generally too short to satisfy jurisd ictional wetland hydrology criteria. 
Precipitation,  runoff, and stormflow in d itches constitute relatively minor contributions to 
the east portion of the site compared to flooding from the creek. Runoff and overland 
flow from the west may provide sign ificant, although smal l ,  contributions to the northwest 
and west-central portions of the site . Ground-water contribution at the site is l im ited , 
although local ized ground-water discharge appears to occur along sloped areas in  the 
northwest and west-central portions of the site , causing seasonal saturation at land 
surface. 
Wetland conditions occur at the site over l imited areas, and wetlands occur nearby at 
s imi lar landscape positions. The National Wetlands I nventory (NWI) mapped numerous 
wetland areas with in the broad lowland that contains Sugar Camp Creek and the M iddle 
Fork Big Muddy River (Figure 6) .  On-site wetland determinations by the INHS indicated 
three separate areas with low or very low natural qual ity that satisfied the three­
parameter defin ition of wetlands (Environmental Laboratory 1 987). The INHS also 
examined forested areas at simi lar elevations adjacent to the east and found that 
portions of these areas are jurisd ictional wetlands with good natural qual ity. Further, 
historical aerial photography shows that, prior to 1 965, an area of forest concentrated in  
the eastern portion of  the parcel covered up to 32 ha (78 ac) of  the site . 
Based on topography, susceptibi l ity to flooding ,  and hydrogeologic properties at this site, 
we estimate that between 20 and 32 ha (50 and 80 ac) of wetlands cou ld be restored if 
the existing hydrologic alterations are reversed or appropriately modified . 
WETLAND COMPENSATION RECOMMENDATIONS 
We recommend the fol lowing wetland compensation activities based on our hydrogeologic 
observations and with guidance from the I l l i nois Wetland Restoration and Creation Guide 
(Admiraal et al .  1 997). The approximate locations of the recommended wetland restoration 
activities described below are depicted in  Figure 7 .  
1 .  F i l l  a l l  on-site ditches and block outlets. Ditches 4 and 5 and numerous smal ler 
"scratched" ditches are located enti rely within  the site (F igure 4 ) .  These d itches drain 
surface water from low areas, expedite drainage of shal low groundwater locally, and 
route water to Sugar Camp Creek through openings in the levees. We recommend 
blocking and fi l l ing the remaining segments of Ditch 5 within the FAP 3 1 2  wetland 
2 
L _I proposed wetland mitigation bank c:J FAP 312 wetland compensation site 
0 
0 
mi N 
1 km ! 
contour i nterval = 10 ft (3.3 m) 
Figure 1 Proposed wetland mitigation bank, existing compensation site and vicin ity. Map based 
on USGS Topographic Series, Ewing,  IL 7 .5-Minute Quadrangle (U .S .  Geological Survey 1 974). 
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NRCS Soil Mapping 
- Bonnie silt loam (3108 - hydric;) 
- Wynoose silt loam (639 - hydric) 
Belknap silt loam (3382) 
- Bluford silt loam (640A) 
Rend silt loam (518B2) 
INHS Soil Mapping 
D Bonnie silt loam (hydric) 
� Belknap silt loam 
CJ wetland compensation site 
C..J proposed wetland bank 
Figure 2 Soil map of the proposed wetland mitigation bank, compensations site and vicin ity, 
showing Soil Survey (Preloger 2003) and I NHS soil map units (Plocher and Wiesbrook 2004). 
Map based on USGS dig ital orthophotography, Ewi ng SE quarter-quadrangle produced from 
4/6/1 998 aerial photography ( I l l inois State Geological Survey 2001 ) . 
4 
CJ1 
G) s: "Tl CD CD ca' 
Q_ (J) c: 0 c .., 
'e. CC 
CD 
(") Q) w Q) ..... u; 0 � 
c Q) (/) 
< 3 0 
CD -0 ::::::!. '< 0 � 
I\.) ..... -
o CD 
O> 
0 CD CD 
__.. ;;>\" ..... 
':-"' (/) o;· ;:::;:­CD -0 
,..-.... ::r 
co (no 
. cc 
o ru 
CD -0 
-0 ::r Q) '< ::4. (/) 
3 ::r 
CD 0 
::I� � s· _cc 
)> Q) 
cc ::I 
::::::!. c_ 
(") I c c - (/) c CD 
..... (") _co ::r 
__.. Q) 
c.o ::I CJ1 cc 
C.O CD 
- (/) 
__.. Q) c.o ::I --..! c_ 
_ __.. ::; 
__.. '< c.o � CX>O 
o­- . 0 _cc 
= ()" 
::I Q) 0--· ....+ C/l CD 
(/) ru ....+ ....+ Q) -· ....+ 0 CD ::I (/) 
Q) ....+ 
Sugar Camp Cree k meandered 
through the site. Forest covered 
most of the parcel and provided a 
vegetated riparian corridor for the 
cree k. 
Alterations include channelization of 
the cree k, construction of ditches in 
southeast part of the site, and filling 
of former meanders. Most of the 
forest was cleared leaving short 
segments of riparian corridor. 
Remaining forest, evident on the 
1971 photo, was removed, and an 
additional ditch was created in the 
west-central part of the site. 
,. 
Condition of the site prior to 
acquisition by IDOT. It shows 
essentially the same land use and 
cover as the 1980 photograph, 
although ditches were extended to 
drain depressions remaining in filled 
former meanders . 
• outlet through levee 1938 stream course 
0 fill material detected - Sugar Camp Creek 0 300m 
--+- surface drainage D wetland compensation site 
ditches 
r--1 
L--l proposed wetland bank 
Figure 4 Hydrologic alterations and surface-water features. The 1 938 stream course was 
dig itized from 1 938 historical aerial photography (U .S .  Department of Agricu lture 1 938). Map 
based on USGS dig ital orthophotography, Ewing SE q uarter-quadrangle produced from 4/6/1 998 
aerial photography ( I l l i nois State Geological Survey 2001 ) .  
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Figure 5 Cross section of geologic materials at the Sugar Camp Creek proposed wetland mitigation bank and compensation site. 
Geologic boring locations and depths are represented by the gray vertical l ines; labels correspond to the well placed in the boring .  
The location of the cross-section l ine is indicated i n  Figure 8. 
NWI Wetlands 
PABFH - aquatic bed, semipermanent, diked/impounded 
• PEMA - emergent, temporary 
• PEMAFH - emergent, temporary, farmed, diked/impounded 
• PEMAH - emergent, temporary 
• PEMC - emergent, seasonal 
• PEMCH - emergent, seasonal 
• PF01/EMFH - floodplain forest/emergent, semipermanent 
• PF01 A - floodplain forest, temporary 
• PF01 C - floodplain forest, seasonal 
• PUBF - unconsolidated bottom, semipermanent 
• PUBFX - unconsolidated bottom, semipermanent, excavated 
• PUBGH - unconsolidated bottom, intermittenly exposed, permanent 
DU - upland 
C' �proposed wetland bank 
CJ wetland compensation site 
0 2000 ft 
0 600m 
Figure 6 Wetland areas mapped by the National Wetlands I nventory in  the vicinity of study 
area (U.S.  Fish and Wi ld l ife Service 1 987). Map based on USGS d igital orthophotography, 
Ewing SE quarter-quadrangle produced from 4/6/1 998 aerial photography ( I l l inois State 
Geological Survey 2001 ) .  
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Wetland Compensation Strategy 0 N g� fi l l  d itches/block outlets culvert 0 200 m � I I fJ ----· =-C> I lower and grade levees ditch 0 600 ft 
@) bui ld berms --- .. 
x 
I � I mitigation bank project phase 
G remove culvert I_ -- I 
0===1> redirect ditches D compensation site boundary 
Figure 7 Wetland compensation recommendations for the Sugar Camp Creek site. The 
numbers refer to the recommendations listed in  this report and the letter index refers to the 
project phases outl ined in  the Wetland Banking I nstrument ( I l l inois Department of Transportation,  
in  preparation). Map based on USGS digital orthophotography, Ewing SE quarter-quadrangle 
produced from 4/6/1 998 aerial photography ( I l l inois State Geological Survey 2001 ) .  
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compensation site and Phase A, Ditch 4 within Phase C ,  and a l l  scratched d itches 
(Figure 7). We suggest blocking each of these ditches at their respective outlets , 
bu i ld ing thresholds to specified elevations at each outlet (see Table 1 ), and backfi l l ing 
the length of each d itch to surrounding grade. F i l l ing ditches completely and reinforcing 
the thresholds with erosion-control plantings and/or structures wi l l  reduce the l i kel ihood 
of degradation of the thresholds after construction.  
2. Lower the existing levees along Sugar Camp Creek. Levees between Sugar Camp 
Creek and the floodplain in Phases B and D prevent more frequent, lower-elevation 
floods from reaching these areas (Figure 7). Also, a short segment of the levee 
partitions the northwest portion of the site from the remainder of the floodplain west of 
Sugar Camp Creek. We recommend lowering these levee segments to elevations 
specified in Table 1 .  Seeding and planting for erosion control is strongly recommended 
immed iately after levee grading is complete, and erosion-control structures (e .g . ,  
spi l lways/weirs) may be  necessary in  back-fi l led areas at the existing outlets or  areas 
otherwise susceptible to erosion and degradation after construction.  
3. Bu i ld low, broad berms along the east and south perimeter of the FAP 3 1 2 wetland 
compensation site , the east perimeter of Phase A, and the west and south perimeter of 
Phase D to prevent flood water and runoff from drain ing off the site or to perimeter 
d itches (Figure 7). Recommended construction elevations for these berms are g iven in  
Table 1 .  Construction of  the berms should not block Ditches 3 and 7 or hinder drainage 
to the off-site cu lvert from the property adjacent to Phase D.  B locking these features 
can be avoided by ensuring that the footprint of each berm l ies entirely with in the 
property boundary. 
4. Remove the culvert and gravity valve located in  the east levee at the north end of the 
site i n  Phase B (Figures 4 and 7). I n  its current configuration ,  this cu lvert and gravity 
valve drains the site after storms and larger floods, and prevents more frequent smal ler 
floods from reaching the northeast portion of the site. We recommend removing this 
cu lvert and backfi l l ing to an elevation lower than the top of the current levee (see 
Table 1 )  to al low more frequent floodi ng and retention of flood and storm water, thus 
local ly prolonging inundation and saturation.  
5. Red irect d itches onto the site where feasible. D itches 1 and 2 could contribute water to 
wetland restoration areas in  Phases C and D (Figure 7). We recommend redirecting 
these d itches by reconfiguring the levee at the north perimeter of Phase C,  and 
excavation of a broad, shal low swale lead ing from the corner of Ditches 2 and 3 at the 
west property boundary i nto the central portion of Phase D .  We do not recommend 
modifying Ditches 6 and 7 at this time because these ditches are substantia l ly lower 
than the adjacent potential wetland restoration areas, and wou ld not contribute 
significantly to hydrology without sign ificant earthwork. Further, modifying these ditches 
cou ld drain potential restoration areas and/or hinder dra inage of adjacent properties. 
6. Search for drainage ti le and d isable where found.  Although suspected drainage ti les 
were previously reported , further inspection revealed buried logs but no drainage ti les. 
Nevertheless , the presence or absence of drainage ti les should be confirmed . If 
drainage ti les are found they shou ld be removed in  accordance with procedures outlined 
in  IDOT's wetland banking instrument for the Sugar Camp Creek site. 
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7.  Continue hydrogeologic evaluation of  fi l l  materials. Unconsol idated debris used to fi l l  the 
former creek channel may exped ite drainage local ly. The connectivity of the fi l led areas 
to Sugar Camp Creek should be further evaluated as they may provide conduits that 
drain potential wetland restoration areas. 
Table 1 Target threshold elevations for selected recommended hydrologic mod ifications at the 
Sugar Camp Creek site (see also Figure 7) .  
Phase/Project Area Modification(s) Threshold Elevation 
meters (m) (feet [ft]) 
FAP 3 1 2  block Outlet 1 1 23 .8 m (406.2 ft) 
bui ld perimeter berm , 
FAP 3 1 2 ,  Phase A, Phase D lower the levee 1 23.8 m (406.2 ft) 
along the creek 
Phase C (south) block Outlet 2 1 24 .0 m (406.8  ft) 
block Outlet 3 ,  1 24.2 m (407.1 ft) Phase C (north) lower the levee 
bisecting the floodplain 
remove cu lvert/backfi l l ,  1 24.4 m (407.5 ft) Phase B lower the levee 
along the creek 
METHODS 
Geology 
A total of 39 geologic borings were examined and described during the instal lation of monitoring 
wel ls ,  and 4 add itional sections were described from supplemental borings (Appendix A). Al l  
boreholes were made using a bucket-type hand auger. Most borings were made to depths of 
0.75 m (2.46 ft). However, boring depths ranged up to 3.37 m ( 1 1 .05 ft). Geolog ic materials 
were observed and described during excavation of each boring.  Texture, Munsell color, 
presence and type of redoximorphic features, soil and sedimentary structures, moisture content, 
and other features were recorded for most of the borings. The geologic profi les observed in the 
deeper borings provided the basis for the interpretations of the geology at the site. 
Hydrogeologic Monitoring and Analysis 
A total of 39 wel ls were instal led in  33 locations at the site (Figure 8) . Shal low (S-) wells were 
designed to monitor saturation in the soil zone and were used to determine the extent of 
wetland hydrology at the site. Deeper wel ls (M- and L-wells) were designed to monitor hydraul ic 
potential at specific depths in deeper geologic un its . Nested S-, M-, and L-wel ls were instal led 
at 4 locations to detect vertical ground-water gradients and test subsurface flow rates. 
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Figure 8 Hydrologic monitoring network and topography at the Sugar Camp Creek site. The 
cross-section line for the geologic profile (Figure 5) is also indicated . Map based on 
USGS digital orthophotography, Ewing SE quarter-quadrangle produced from 4/6/1 998 aerial 
photography ( I llinois State Geolog ical Survey 2001 ). 
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Most of the S-wel ls were constructed with 2 .5-centimeter (cm) ( 1 .0-inch [in]) diameter PVC 
casing and manufactured slotted screen . Two of the S-wel ls ,  and al l  of M- and L-wel ls ,  were 
constructed using 5. 1 -cm (2.0-in) d iameter PVC casing and slotted screen. Screen slots for a l l  
wells are 0.025-cm (0.0 1 -in)  wide. The screened interval for each S-well was approximately 45 
to 75 cm ( 1 7-30 in). Screen lengths for M- and L-wel ls ranged from approximately 1 3  to 38 cm 
(5-1 5 in) .  The depth of the screened interval for these wells was determined based on the 
geologic materials encountered in  each boring. Sand was placed in  each borehole so that the 
sand pack encompassed the entire screened interva l .  The boreholes were then sealed from the 
top of the sand pack to land surface using bentonite chips. Further detai ls of wel l  construction 
can be found in Appendix B. The deeper M- and L-wel ls were developed using a 
battery-powered peristaltic pump. After installation,  each wel l  was pumped dry, then al lowed to 
recharge. This was repeated until the water pumped from each wel l  was visibly clear. 
The depth to water in the wel ls was read manually with an electronic water-level meter on a 
weekly or biweekly basis in  Apri l ,  May and June,  and on a monthly basis during the remainder 
of the year (Appendix C). These measurements were made relative to the top of the wells. To 
calculate the depth-to-water below land surface at each wel l location , the measured height of 
the wel l  casing above land surface was subtracted from the measured depth to water from the 
top of the wel l .  Ground-water elevations (Appendix D) were calcu lated by subtracting the depth 
to water in the well from the elevation of the top of the wel l .  Selected wel ls were instrumented 
with data loggers that recorded water levels at 1 - or 3-hour intervals. 
Fal l ing-head tests were conducted to measure hydrogeologic properties of the subsurface 
materials. Tests were conducted by placing a 750-mi l l i l iter (ml) slug into the well and record ing 
the fal l  of water level continuously using an I n-Situ I nc. m in iTroll™ data logger set at a 1 -second 
sampling interval or manually at 5-second intervals.  Fal l ing-head tests were conducted in  this 
manner for 4 separate monitoring wel ls .  Hydraul ic conductivity (K) values were obtained for 
each wel l  by visual ly fitting the Bouwer and Rice ( 1 976) model to the water-level data using 
AQTESOL v® for Windows Pro v.3.5 software. The methods and analyses for slug tests are ful ly 
described in  Appendix E .  
Surface-water data were collected at various locations using data loggers and staff gauges 
(Figure 8). Data loggers with either capacitance or pressure transducer sensors were used . 
Steel staff gauges were instal led at or near the logger locations to provide qual ity control and to 
provide water-level measurements in  the event of logger fai lure .  The staff gauges were read on 
the same schedule as the monitoring wells. 
The elevations of the monitoring wel ls and stage gauges were surveyed each spring with a 
Sokkia 8 1  Automatic Level or a Leica TS702 total station.  Instrument locations were surveyed 
using a Trimble Pathfinder ProXR GPS un it. Site elevations were surveyed relative to survey 
benchmarks set at the site by the ISGS. These benchmarks consist of 2 .0-m (6.6-ft) long steel 
rods set in concrete. The ISGS benchmark elevations relative to the North American Vertical 
Datum of 1 988 (NAVO 1 988) were determined by level ing from a nearby benchmark placed and 
surveyed by IDOT. 
Climate 
Precipitation data recorded at Du Quoin (Station 1 1 2483) were used to identify precipitation 
trends and to determine the deviation from average climate conditions (M idwestern Regional 
Cl imate Center 2006). The Du Quoin weather station is located approximately 40 kilometers 
(km) (2 1 miles [mi]) west of the site. On-site precipitation data were a lso collected by the ISGS 
using a tipping-bucket rain  gauge equipped with a data logger. The on-site data were used both 
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as a check against weather station data , and to analyze the correspondence of ind ividual 
precipitation events with fluctuations in  surface- and ground-water levels. 
For the purpose of wetland determination ,  the growing season is the period of t ime between the 
last occurrence of 28°Fahrenheit (-2 .2°Celsius) temperature i n  the spring and the fi rst 
occurrence i n  the fal l  (Environmental Laboratory 1 987). The growing season at the site was 
determined using temperature data recorded at the Du Quoin weather station. According to 
these data , the median length of the growing season for the region is 207 days, with the median 
starting date on Apri l 5th and the median ending date on October 26th (M idwestern Regional 
Cl imate Center 2006). 
SITE CHARACTERIZATION 
Geographic Setting 
The potential wetland compensation site is located in the upper portion of the Big Muddy River 
watershed (HUC 071 401 06), along Sugar Camp Creek. Sugar Camp Creek flows through the 
site from north to south and drains into the M iddle Fork of the Big Muddy River approximately 
1 .7 km ( 1 .0 mi )  downstream. The site is situated in a broad al luvial valley within the Mount 
Vernon H i l l  Country of the Ti l l  Plains Section of I l l i no is' physiographic provinces (Leighton 
et a l .  1 948). The topographic relief of the valley is roughly 30 m ( 1 00 ft). 
The surface topography on the parcel (Figure 8) is flat to moderately sloping , with total relief, 
excluding the creek channel , of approximately 3.6 m ( 1 1 .8 ft) ;  elevations range from 1 22.9 to 
1 26.5 m (403.2-4 1 5.0 ft). The highest elevations are located on the terrace in the northwest 
portion; the lowest elevations are located on the floodplain along the perimeter in the southwest 
portion of the site . The landscape east of the creek is low relief (0.2 m [O . 7 ft]) ,  although both 
natural drainage features and d itches in the southeast portion of the site create s l ightly greater 
relief (0.8 m [2 .6 ft]) . The western half of the site has more pronounced rel ief (up to 3 .0 m 
[9 .8  ft]) and steeper slopes (up to 5%) due to the terrace located along the west perimeter. 
Rel ief, slope, and elevation between the base of the terrace and the creek are simi lar to areas 
east of the creek. The channel bed of Sugar Camp Creek ranges from approximately 2 .5  to 
4.0 m (8.2-1 3 . 1  ft) below the surrounding floodpla in .  
Geology 
The site overlies the north flank of the Big Muddy bedrock valley (Herzog et al .  1 994 ). Bedrock 
in the area is mapped as Pennsylvanian Bond Formation (Kolata 2005) and is reported to be 
between 6.0 to 1 5 .0 m ( 1 9 .7-49.2 ft) below land surface in  the vicin ity (Berg and 
Kempton 1 988). The Bond Formation consists principally of l imestone, and calcareous clays 
and shales (Wi l lman et a l .  1 975). Surficial geologic deposits in the area include the Glasford ,  
Equal ity, and Cahokia Formations. Glasford Formation deposits consisting of sandy and loamy 
g lacial d iamicton form the uplands in  the region . Equal ity Formation deposits consisting 
primari ly of clay-rich lake sediment are located in  the broad valley contain ing the M iddle Fork of 
the Big Muddy River and Sugar Camp Creek. S i lty Cahokia Formation a l luvial deposits, though 
not mapped at the site , are general ly located along smaller tributary streams in  the region (Berg 
and Kempton 1 988, Lineback 1 979). 
Most borings made at the site revealed clayey si lt (with traces of sand in  a few instances) over 
sl ightly denser si lty clay (Figure 5 , Appendix A). The si ltier materials near the surface reflect 
recent floodplain deposition and are consistent with descriptions of the Cahokia Formation 
(Wi l lman et a l .  1 975, Lineback 1 979). The si lty surface deposit is generally un iform and ranges 
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from 0.4 to 1 .3 m ( 1 .3-4.3  ft) thick. The underlying deposits are more dense and clay-rich, 
characteristics associated with the mapped deposits of the Equal ity Formation (Wi l lman et a l .  
1 975, Lineback 1 979). The deeper borings made at the site each terminated in  this lower 
deposit and the deepest boring (24L) indicated a min imum thickness of 2 .6 m (8.6 ft) in this 
location. 
Channel fi l l  (debris) materials were encountered in  borings at several locations ( 1  S ,  5S, 1 3S ,  
1 7S ,  26S).  Bright mottl ing,  wood fragments and  charcoal were observed within si lty material at 
bori ng locations correspond ing with areas where the former meandering creek channel was 
backfi l led and graded for farming (Figure 4 ). The depth to undisturbed materials in these 
locations also suggests that the present channel bed is approximately 1 .0 m (3.3 ft) lower than it 
was prior to 1 97 1 . 
Soils 
The U.S.  Department of Agricu ltu re (Preloger 2003) mapped five soil un its at the site: Rend si lt 
loam, Wynoose si lt loam,  Bluford s i lt loam , Bonnie si lt loam, and Belknap si lt loam (Figure 2) .  
The Wynoose and Bonnie map u nits are both l isted as county and state hydric soi ls (U .S .  
Department of  Agricu lture 1 991 , 1 995) and together represent approximately 80% of the total 
site area. The Soil Survey reports that the Bonnie si lt loam is very poorly drained ,  is subject to 
frequent, brief flood ing,  and exhibits an apparent high water table from 0 to 0.3 m (0-1 ft) below 
land surface from January through June;  the Wynoose si lt loam is poorly drained, is not subject 
to flooding,  and exhibits a perched high water table from 0 to 0.3 m (0-1 ft) below land surface 
from March through June.  
I NHS personnel verified the soi l  map un it boundaries by conducti ng traverses over 
approximately 23 ha (56 ac) in the southern portion of the parcel .  Fol lowing inspection,  the 
I NHS confirmed the presence of the Bonnie and Belknap soils in  the southern half of the site 
and adjusted the map unit boundaries accord ingly. They also determined the soils in the west­
central part of the site are more simi lar to Belknap s i lt loam than Wynoose silt loam. Within the 
area examined , the I NHS del i neated 1 6 .0 ha (39.5 ac) of hydric Bonnie si lt loam , and 6.5 ha 
( 1 6  ac) of non-hydric Belknap si lt loam as compared to 1 6 .4 ha (40.5 ac) of Bonnie si lt loam, 
4 .7 ha ( 1 1 .5 ac) of Belknap si lt loam, and 1 .6 ha (4 ac) of Wynoose si l t  loam mapped by the 
USDA (Plocher and Wiesbrook 2004 , Preloger 2003). 
Wetlands 
The National Wetlands I nventory (NWI) mapped numerous wetland areas nearby, many in  
geomorphic settings simi lar to the Sugar Camp Creek site (Figure 6 ,  U .S .  Fish and Wildl ife 
Service 1 987). The majority of the mapped wetlands in both number and area are classed as 
floodplain forest (palustrine, forested , broad-leaved deciduous, temporary [PF01 A]), although 
emergent, scrub-shrub, unconsolidated bottom,  and aquatic bed wetland types are also located 
in the vicinity. Most mapped wetlands in the area are located within a broad lowland that 
contains Sugar Camp Creek, the M iddle Fork of the Big Muddy River, and several other smaller 
streams and , with few exceptions, are adjacent to these streams. 
The INHS conducted routine wetland determinations at four sites (Appendix F): three s ites 
(Sites 1 ,  2 ,  and 3) were located on the parcel and one site (Site 4) consisted of three separate 
forested areas located adjacent to the parcel (P locher and Wiesbrook 2004 ). Although Sites 1 ,  
2 ,  and 3 met the 3-parameter defin ition for wetlands (Environmental Laboratory 1 987), these 
areas showed low or very low natural quality. Further, the jurisd ictional wetland status for each 
of these sites was reported as "undetermined" because they were used as cropland in the 
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growing season prior to the wetland determination and were determined to be "prior-converted" 
by the NRCS. The !NHS also found that the forested areas adjacent to the parcel (S ite 4 ) ,  
although not mapped by the NRCS or the NWI,  contained jurisd ictional wetland areas and had 
good natural qual ity (P locher and Wiesbrook 2004). 
Hydrology 
Precipitation 
Average annual precipitation at the Du  Quoin station is 44.1 in (112.0 cm) (Midwest Regional 
Cl imate Center 2006). The 30-year monthly averages show that most of the annual 
precipitation falls during the period March through June ,  with seasonal peaks occurring in May 
and November (Appendix G). Drier periods typically occur during late summer into fall (August 
through October) and mid-winter (January and February). 
Precipitation amounts recorded at the site during the early growing season were below normal 
in both years of this study (Table 2). For 2005, annual precipitation totaled 43.21 in (109.75 cm) 
or 0.85 in  (2 .16 cm) less than normal. Exceedingly dry conditions prevai led from February 
through Ju ly 2005, with 59% of normal precipitation during this period . For 2006, the year-to­
date precipitation through September totaled 39.76 in (101.0 cm) or 6 .86 in (17.4 cm) more than 
normal for that period (Table 2) .  Rainfall i n  March 2006 was much above average causing high 
soil-moisture conditions, although drier conditions prevai led during the early growing season.  
Precipitation was below normal in  April and May and near-normal i n  June.  
Table 2 Annual and April through June precipitation totals compared to 30-year averages at the 
Du Quoin weather station . Annual totals were recorded at the Du Quoin weather station and 
Apri l through June totals were recorded by !SGS at the Sugar Camp Creek site. 
30-Year Average 2005 2006 
April -June 13.29 in .  (33.76 cm) 6.66 in .  ( 1 6.92 cm) 7.91 in .  (20.1 cm) 
Annual 44.06 in .  (111.91 cm) 43.21 in. ( 1 09.75 cm) 39.76 in. (101.0 cm)** 
Deviation From -0 .85 in .  (-2 .2 cm) +6.86 in .  (+17.4 cm)** 
Annual Average 
** year to date value through September 
Surface Water 
Most of the site is subject to flooding from Sugar Camp Creek, although the period of inundation 
for ind ividual flood events is usually brief. During this study, 15 months of stage data recorded 
at the site showed frequent flooding despite relatively dry climatic conditions during the critical 
spring period . The creek flooded some portion of the site (flood elevation = 123.0 m [403.5 ft] or 
greater) on 20 occasions (Table 3). The median elevation for these floods was 1 23.8 m 
(406.2 ft), which corresponds to the inundation of at least 24.2 ha (59.8 ac) of the site (see 
Appendix H). However, floods exceeded or reached the overall median level only twice during 
the 2005 growing season and three times during the 2006 growing season. Further, these flood 
events were very brief, with inundation of the site lasting 2 days or less. During a typical flood 
event, the stage rises from baseflow to peak flow within 24 hours after a storm event, and 
recedes to base flow within a week. 
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West of Sugar Camp Creek, several swales col lect water within a small catchment i n  the farm 
field to the west and convey it onto the site. Although no surface-water levels were col lected in  
these locations, field observations of  erosion patterns and flood debris near wel ls 2S and 4S 
indicate that flow in  these swales approaches 30 cm ( 1  ft) deep after intense rainfall events. 
This suggests that runoff and overland flow from the west may contribute small but sign ificant 
amounts of water to the site, particularly in the west-central portion.  
Table 3 Flood ing statistics at the Sugar Camp Creek site. The column 'Al l  Floods' represents 
all events exceeding 1 23.0 m (403.5 ft) during the period-of-record March 22, 2005 through 
July 31 , 2006. Corresponding area of inundation estimates can be found in  Appendix H .  
All Floods 
2005 Growing Season 2006 Growing Season* 
(Period-of-Record) 
Maximum Peak 1 25.2 m (41 0 .8 ft) 1 24 .5  m (408.5 ft) 1 24 .9 (409.8 ft) 
Median Peak 1 23 .8 m (406.2 ft) 1 23 .5 m (405.2 ft) 1 23.9 (406.5 ft) 
Number of 20 4 7 Events 
* data represents 57% of the growing season (Apri l  5-July 31 ). 
East of Sugar Camp Creek, water-level data shows that, in  the absence of flooding from Sugar 
Camp Creek, runoff from areas adjacent to the east of the site appears to remain confined 
within Ditches 6 and 7 and does not contribute significant water to the site (Figure 9). Because 
the bed elevation of these ditches is generally lower than the potential wetland compensation 
areas, rerouting these d itches onto the site is not possible without drain ing portions of planned 
wetland areas. Further, we do not recommend fi l l ing the perimeter ditches at this time because 
it would interrupt drainage of the adjacent properties. 
Hydrologic modifications made during this study also help show the potential of retaining 
surface water within planned wetland compensation areas. During May 2005, I DOT constructed 
a low-elevation (30 to 60-cm [1 -2-ft]) earthen dam in Ditch 5, just south of the depression in the 
center of the FAP 3 1 2  wetland compensation site . After this ditch was blocked , a flood event 
during late August 2005 exceeded the threshold level of the dam ( 1 23.41 m [404.90 ft]) and 
inundated most of the compensation site . Since this flood event, water levels have fluctuated 
between the threshold elevation and 1 23.20 m (404. 1 9  ft) , and approximately 0.5 ha ( 1 .3 ac) of 
the wetland compensation site has remained persistently i nundated .  Prior to that time, 
precipitation and runoff events occurred , but no widespread or persistent inundation or 
saturation occurred within the depression. These data i l l ustrate that blocking ditches elsewhere 
at the site can be an effective strategy for retaining flood water and increasing the extent and 
duration of inundation in  localized depressions where surface materials are sufficiently 
impermeable. 
Ground Water 
Ground-water contribution is general ly l imited due to the fine-grained sediments underlying the 
site, although localized d ischarge to land surface was observed . The water levels in  nested 
wells (20, 22, 23, 24) suggest that the vertical ground-water gradient is generally downward or 
neutral (Appendix C). However, water levels in wel l  nests 23 and 24 ind icate that an u pward 
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Figure 9 Response of surface-water levels east of Sugar Camp Creek to flooding and runoff. Flood events are ind icated by the blue 
arrows. The dark red arrows indicate when runoff was intercepted by Ditch 7 and d id not contribute to the site. 
gradient occurs intermittently in these locations, particu larly during winter and early spring 
months. Along the slope west of Sugar Camp Creek, field observations of surface saturation 
support the interpretation of discharge to land surface based on water-level observations i n  
wells 24S and 24L. Further, salt crusts were also observed at land surface along slopes in  the 
vicin ity. These salt crusts, called "sl ick spots", are commonly observed in  the region and form 
as salts are precipitated from ground water as it d ischarges at land surface (Fol lmer, personal 
communication 2005). 
Ground-water flow through geolog ic materials at the s ite is generally slow. Slug tests were 
conducted in wel ls 20L, 22M ,  22L, 23M , and 24L duri ng January and February 2006. Hydraul ic 
conductivity estimates from these tests are given in  Table 4 and analyses are presented in  
Appendix E .  The estimates ranged from 1 .4 x 1 0-3 emfs at wel l  22M to 1 .5 x 1 0-5 emfs at well 20L 
and are consistent with the range of values expected for the materials encountered in  the 
geolog ic borings (Fetter 1 994, page 98). The relatively low hydraul ic conductivity measured at 
wells 20L, 23M , and 24L indicates that flow through geologic materials at least within the upper 
3.3 m ( 1 0.8 ft) is general ly very slow. Somewhat higher hydraul ic conductivity values were 
estimated for wel ls 22M and 22L, and are attributable to sl ightly coarser-textured geologic 
materials at depth that may provide a localized conduit for flow to the creek. Nevertheless, 
hydrogeologic conditions at the site are generally conducive to surface ponding and perching of 
ground water in the shallow subsurface. 
Table 4 Hydraul ic conductivity values estimated by s lug tests in  selected wel ls at the Sugar 
Camp Creek wetland compensation site . Data and analyses for the slug tests are g iven in 
Appendix E .  
Well Date Hydraulic Conductivity (K) 
(emfs) 
20L 1 f 1 1 f2006 1 .5 X 1 0-5 
22M 2f6f2006 1 .4 x 1 0-3 
22L 2f7f2006 1 .3 x 1 0-4 
23M 2f7f2006 7.5 X 1 0-5 
24L 1 f 1 1 f2006 4.2 X 1 0-5 
Data collected on May 1 6 , 2006 and May 25, 2006 were used to produce water-table contour 
maps of the unconfined upper sediments on each date (Figures 1 0  and 1 1  ) .  Respectively, 
these data sets represent relatively high and relatively low water levels,  and were selected to 
i l lustrate typical ground-water flow conditions during the early growing season .  Comparison of 
the maps showed that Sugar Camp Creek has substantial infl uence on subsurface drainage 
during both wet and dry periods, although the influence of local topography on drainage of the 
shallow subsurface becomes stronger as water levels recede.  During drier conditions, more 
flow was d i rected toward d itches, closed depressions, and areas that had been fi l led, showing 
the increased infl uence of local topography and subsurface cond itions, particularly east of the 
creek. These data also show that the slope of the water table steepened in  the north portion of 
the site and flattened in the south portion of the site , reflecting the infl uence of topography as 
conditions became drier. 
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Figure 1 0  Water-table contours in  the u nconfined upper sediments during relatively wet 
conditions at the Sugar Camp Creek site .  Water-level data used to draw the contours were 
measured in  shal low wells and surface-water gauges i n  Sugar Camp Creek on May 1 6 , 2006 
and are referenced to NAVO 1 988. Map based on USGS digital orthophotography, Ewing SE 
quarter-quadrangle produced from 4/6/1 998 aerial photography ( I l l inois State Geological Survey 
2001 ) .  
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Figure 1 1  Water-table contours in the unconfined upper sediments during relatively dry 
conditions at the Sugar Camp Creek site . Water-level data used to draw the contours were 
measured in shallow wells and surface-water gauges i n  Sugar Camp Creek on May 25, 2006 
and are referenced to NAVO 1 988. Map based on USGS digital orthophotography, Ewing SE 
quarter-quadrangle produced from 4/6/1 998 aerial photography ( I l l i nois State Geological Survey 
2001 ) . 
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Hydrologic Alterations 
Surface-water hydrology of the site has been sign ificantly altered by agricu ltu ral use with in the 
last 40 years. Examination of historical aerial photography shows that, in 1 959, as much as 
32 ha (78 ac) of the site was forested, no d itches were evident, and Sugar Camp Creek 
meandered through the site (Figure 3). Sometime between 1 965 and 1 97 1 , forested areas 
were cleared , Sugar Camp Creek was channelized ,  and the former meandering channel was 
fi l led . Mod ifications subsequent to 1 97 1  i nclude excavation and maintenance of d itches, 
construction of discontinuous levees along both banks of Sugar Camp Creek, i nstallation of a 
culvert with a gravity valve at the north end of the site ,  and removal of remain ing forested areas 
(Figures 3 and 4).  It is presently undetermined whether a drainage ti le system exists at the site. 
The channel ization of Sugar Camp Creek reduced the length of the stream through the site by 
approximately 0.84 km (0.52 mi) .  Further, borings made in the former meandering channel 
show that, prior to channel ization, the bed of Sugar Camp Creek was as much as 1 .2 m (3.9 ft) 
h igher than the current bed level (Appendix A). These data suggest that the creek bed has 
incised , although it is not clear how much incision is due to the original channel ization , 
subsequent channel maintenance, or post-channel ization erosion . Regard less, the lower 
channel bed (and baseflow) relative to the floodplain elevation requires larger d ischarges to 
flood the site and has l ikely contributed to reducing the extent of saturation and inundation from 
the pre-channel ization condition .  Also, channel ization and incision have l i kely expedited 
drainage where the channel intersects coarse-grained and/or fi l l  materials, creating condu its for 
subsurface flow to the creek, as suggested by flow rates estimated for well nest 22. 
Levees along Sugar Camp Creek partial ly inh ibit flooding,  particularly in  the northeast and 
southwest portions of the site . Although notches in  the levee make most of the site open to 
flooding,  the northeast and southwest portions of the site do not receive water d i rectly from the 
creek during floods below approximately 1 24.5 m (408.5 ft) .  Also, a short segment of the levee 
partitions the northwest portion of the site and h inders connectivity with the remainder of the 
floodplain west of Sugar Camp Creek (F igure 4 ). 
Several ditches drained the site prior to in itial wetland restoration activities, and many of these 
d itches conti nue to drain most of the site effectively (Figure 4 ) .  I DOT in itiated wetland 
compensation activities at the site by blocking Ditch 5 during May 2005, result ing in  a smal l ,  
persistently inundated area within  the FAP 3 1 2  compensation site. The remain ing unfi l led 
segments of Ditch 5 conti nue to provide local ized drainage. Ditches 3, 4, 6, and 7 remain 
active, and smaller "scratched" d itches have recently been excavated by the tenant farmer. 
These ditches also continue to drain the site effectively after storm and flood events. Shal low 
wells near these d itches show relatively fast drawdown rates, suggesting that the ditches may 
have a local influence on shal low subsurface water levels. D itches 1 and 2 approach the site 
boundary at elevations above the potential wetland restoration areas and cou ld be redirected to 
provide water to the site. 
The possibi l ity that a drainage tile system exists at the site was previously reported in the In itial 
Site Evaluation (Pociask et al. 2004). However, subsequent examination revealed that what 
appeared to be drainage ti les may be buried logs that were used as fi l l  material in the former 
meanders of Sugar Camp Creek. Further, it is unl ikely that an extensive drainage tile system 
wou ld have been installed at the site given the slow flow rates through subsurface materials. 
Nevertheless, the site should be further examined to determ ine whether drainage tiles are 
• present. 
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Wetland Hydrology 
Areas that satisfied wetland hydrology criteria were identified at the site for the 2005 and 2006 
growing seasons. Wetland hydrology criteria are defined as inundation or saturation to land 
surface for 1 0  consecutive days (5%) during the growing season where soils and vegetation 
criteria are met (Environmental Laboratory 1 987). Add itionally, areas that are inundated or 
saturated to land surface for 26 days ( 1 2.5%) during the growing season are considered to 
conclusively satisfy jurisdictional wetland hydrology, and can be used to identify wetland 
conditions where soils and vegetation data are lacking or inconclusive. Saturation to land 
surface was determined by measuring water levels in S-wells. Locations where water level was 
measured with in  0 .30 m ( 1 .0 ft) of land surface are considered saturated to land surface 
according to informal gu idance from the U .S .  Army Corps of Engineers. I nundation was 
determined by measuring water-level elevation above land surface using electronic data 
loggers, staff gauges, and field observations. Locations where stand ing surface water was 
either measured or observed in the field are considered inundated . For wel ls and staff gauges 
where manual water-level measurements were col lected , the duration of saturation or 
inundation was determined by l inear interpolation and/or extrapolation . Visual field observations 
and topographic data were also used to document the extent and duration of saturation or 
inundation.  
For 2005, 4.4 ha ( 1 0 .9 ac) of the total site area of 50.9 ha ( 1 25.7 ac), satisfied wetland 
hydrology criteria for greater than 5% of the growing season ,  whereas 1 .3 ha (3 . 1  ac) satisfied 
wetland hydrology criteria for greater than 1 2 .5% of the growing season (Figure 1 2) .  For 2006, 
28.8 ha (7 1 .2 ac) satisfied wetland hydrology criteria for greater than 5% of the growing season ,  
whereas 3 . 9  h a  (9.6 ac) satisfied wetland hydrology criteria for greater than 1 2 .5% of the 
growing season (F igure 1 3). 
The areal extent of wetland hydrology was markedly larger in 2006 compared to 2005. 
Although IDOT had initiated wetland compensation activities at the site prior to the 2006 
growing season ,  most of the increase in wetland hydrology acreage between 2005 and 2006 
was due to frequent, closely-spaced floods that occurred in early May 2006 . Precipitation 
during the early growing season (Apri l-June) in  each year was wel l  below the 30-year average.  
However, a wet period during late April and early May 2006 led to three separate flood events 
on May 1 st, 3rd ,  and 1 1 th that inundated approximately 2 1 .8 ,  8 .7 ,  and 26.4 ha (53.8 ,  2 1 .5 ,  and 
65.2 ac) of the site , respectively. These floods and preced ing storms replenished soil moisture 
and shal low ground water over large areas of the site , whereas the in itial wetland compensation 
activities influenced hydrology over smaller areas and account for a maximum of 2.4 ha (6 .0 ac) 
of increased wetland hydrology acreage between 2005 and 2006. The simi lar precipitation 
totals during the early portion of the growing seasons i n  2005 and 2006 coupled with the 
disparate estimates of wetland hydrology underscore the importance of frequent, closely­
spaced flood events for supplying sufficient water to support wetland hydrology. G iven the 
effective drainage in the current cond ition of the site , widespread wetland hydrology will not 
occur with sufficient regularity without hydrolog ic modifications. 
CONCLUSIONS 
Historical aerial photography and the extent of hydric soils indicate that wetlands covered much 
of the site until the 1 960s. Forest covered as much as 32 ha (78 ac) of the site in 1 959, 
approximating the extent of wetlands on the site at that time. During the 1 960s and 1 970s, the 
hydrology of the site was drastical ly altered . Forested areas were cleared , Sugar Camp Creek 
was channel ized , the former channel was fi l led , and d itches and levees were constructed . As a 
result, nearly al l  former wetlands at the site have been drained . The channel ization and incision 
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Wetland Hydrology 2005 
>5% of growing season o monitoring wel l  
12'ZJ >1 2.5% of growing season D staff gauge 
0 water-level data loggers 
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D wetland compensation site 
200 m N 
I 
600 ft ! 
Figure 1 2  Estimated areal extent of 2005 wetland hydrology at the Sugar Camp Creek proposed 
wetland mitigation bank and potential compensation site (Fucciolo et a l .  2005).  The wetland 
hydrology polygons were d rawn based on data collected between March 30 and September 20, 
2005. Map based on USGS d igital orthophotography, Ewing SE quarter-quadrangle produced 
from 4/6/1 998 aerial photography ( I l l inois State Geological  Survey 2001 ) . 
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Wetland Hydrology 2006 
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Figure 1 3  Estimated areal extent of 2006 wetland hydrology at the Sugar Camp Creek proposed 
wetland mitigation bank and potential compensation site (Fucciolo et al. 2006). The wetland 
hydrology polygons were drawn based on data collected between September 1 ,  2005 and June 
30, 2006. Map based on USGS digital orthophotography, Ewing SE quarter-quadrangle 
produced from 4/6/1 998 aerial photography ( I l l inois State Geological Survey 2001 ) .  
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of Sugar Camp Creek at the site and widespread changes i n  land use with in  the watershed 
preclude complete restoration of the hydrologic conditions that supported past wetlands. 
However, the presence of slowly permeable geologic materials coupled with frequent flooding 
over most of the site suggests that hydrogeologic conditions are general ly favorable for some 
restoration of wetland hydrology if various hydrologic alterations are reversed or modified . 
Although there are multiple potential water sources, the primary source is frequent, brief 
flooding from Sugar Camp Creek. Currently, floods replenish surface water in closed 
depressions and recharge shallow ground water, but the durations of flood peaks are general ly 
too short to satisfy jurisd ictional wetland hydrology criteria over much of the site . Contributions 
from precipitation,  runoff, and stormflow in d itches are comparatively minor, although runoff and 
overland flow from areas west of the site may provide smal l yet sign ificant contributions. 
Ground-water contributions at the site are l imited , although local ized ground-water d ischarge 
appears to occur, causing seasonal saturation at land surface along sloped areas in the 
northwest and west-central portions of the site . 
I n  the current condition of the site ,  surface water drains qu ickly after floods and storm events for 
two primary reasons: the flashy hydrology of Sugar Camp Creek, and the presence of d itches 
that effectively drain larger depressions. Therefore we recommend that the overal l  strategy for 
wetland compensation focus on capturing and retaining water from peak floods and e l iminating 
drainage from al l  surface depressions. Fi l l ing al l  on-site ditches, mod ifying levees and bu i ld ing 
berms and outlets to appropriate threshold elevations wi l l  be critical to implementing th is 
strategy. 
We estimate that implementation of the wetland compensation recommendations provided in 
this report cou ld yield between 20 and 32 ha (50 and 80 ac) of restored wetlands, although 
there is increasing uncertainty toward the upper end of this range because it is difficult to predict 
how reversal of hydrologic alterations wil l  translate into higher areas of the site. Nevertheless, 
we suggest reserving the option of creating wetlands by excavating h igher parts of the site unti l 
after the effects of reversing and modifying existing hydrologic alterations are determined. 
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APPENDIX A Geologic Boring Descriptions 
Note : M unsel l  colors were determined only for a few representative borings because the 
geologic materials in the upper 75 cm were general ly un iform . Matrix color of the near-surface 
materials were general ly 1 0YR or 7 .5YR with a few i nstances of redder h ues. 
Well Boring 
(date made) 
1 S  - 8 1  
(3/21 /05) 
1 S  - 82 
(3/21 /05) 
2S 
3/2 1 /05 
3S 
3/21 /05 
4S 
(3/2 1 /05) 
SS 
(3/21 /05) 
5SR 
( 1 1 /8/05) 
Depth Description 
(cm) 
0-30 C layey si lt; brown . 
30-72 Clayey si lt; l ight to med ium gray; many large (>5cm),  decayed wood 
fragments present; buried log i ntersected (refusal) at 72 cm. 
0-30 Clayey silt ; brown.  
30-75 Clayey silt; l ight gray to dark gray; matrix color changes from l ight to 
dark at 50 cm; many i ron (Fe) concentrations and wood fragments 
beg inning at 60 cm; materials wet at 60 cm, saturated at 65 cm, and 
standing water was measured at 68 cm depth after completion of the 
borehole. 
0-76 Clayey si lt; brown; moist at 40 cm and saturated near the base of the 
borin . 
0-75 Clayey silt ; brown; Fe concentrations and redox depletions are 
common; wet at 39 cm and saturated at 65 cm. 
0-40 Clayey silt; brown;  redox depletions are common to many. 
40-75 Si lty clay to clayey si lt; grayish brown; decreasing abundance of 
redox depletions with depth. 
0-60 Clayey silt; brown; charcoal at 35 cm. 
60-78 Clayey si lt; brown; redox depletions observed throughout; few wood 
fragments. 
0-65 Clayey si lt; 1 OYR 4/3 (brown); very fine blocky structure ;  few 
manqanese (Mn) nodu les. 
65-75 Clayey si lt; bright, abundant mottl ing ;  wood fragments at 35 cm; moist 
between O and 50 cm, saturated 50 to 75 cm. 
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Well Boring Depth Description 
(date made) (cm) 
6S 0-77 Clayey si lt; brown; few redox depletions and Fe concentrations within 
(3/2 1 /05) 30 cm of surface; varying from dry to sl ightly moist. 
7S 0-55 Clayey si lt; l ight brown;  grades to si lty clay between 40 and 55 cm; 
(3/2 1 /05) few to common redox depletions and Fe concentrations. 
55-75 Si lty clay; grayish brown to gray; abundance of redox depletions and 
Fe concentrations greater than above; moisture increases with depth 
but material is not saturated. 
BS 0-35 Clayey silt; brown. 
(3/2 1 /05) 35-76 Clayey si lt; l ight brown ; redox depletions are common; moisture 
qreater than above but material is not saturated . 
9S 0-1 5 Si lty clay; brown. 
(3/2 1 /05) 1 5-75 Clayey si lt; l ight brown to yel lowish colors (value>=5, chroma>=3); 
few Fe/Mn concentrations and a few nodu les; moist. 
1 0S 0-20 Si lty clay; brown. 
(3/2 1 /05) 20-76 Clayey si lt; mottled ;  few 1 to 2 mm Mn nodules; very moist near the 
base of the boring but no free water in the hole. 
1 1  S 0-77 Si lty clay; l ight brown to yel lowish colors (value>=5, chroma>=3); dry. 
3/21 /05 
1 2S 0-45 Si lty clay; l iqht brown . 
(3/2 1 /05) 45-50 Sandy silt; brown. 
50-80 Clayey silt with sand and organics; medium gray matrix color, darker 
( lower value) than above; common mottl ing with reddish 
concentrations surrounding organics and on peds; strong, blocky 
structure ;  many very fine roots ; (hydrogen su lfide) H 2S odor present; 
saturated at 78cm. 
1 3S 0-20 Clayey si lt; brown 
(3/2 1 /05) 20-79 Clayey si lt ; brown;  few to common 1 - to 2-cm mottles as redox 
depletions and Fe concentrations; smal l fragments of decayed wood ; 
saturated below 40 cm. 
30 
APPENDIX A Geologic Boring Descriptions 
Well Boring 
(date made) 
1 48 
(3/21 /05) 
1 58 
3/2 1 /05 
1 68 
(3/21 /05) 
1 78 
(3/21 /05) 
1 88 
3/21 /05 
1 98 
3/2 1 /05 
208 
(3/21 /05) 
2 1 8  
(3/21 /05) 
228 
417105 
238 
417105 
Depth Description 
(cm) 
0- 1 0  Si lty clay; brown . 
1 0-76 Clayey silt to sandy silt and sand ;  interbedded below 40 cm and 1 -
m m  laminations near base; few, fine to very fine roots with common 
depletion haloes; dry. 
0-77 Clayey silt; brown to brownish yel low (value>=5, chroma>=3) ; few 
Fe/Mn concentrations and a few nodules; sl i  htl moist. 
0-20 Clayey si lt; brown . 
20-50 Clayey si lt; brown ; common ,  distinct redox concentrations and 
depletions. 
50-60 Clayey si lt with sand; moisture content qreater than above. 
60-76 Clayey si lt; l ight brown matrix; few concentrations and depletions; 
near saturated . 
0-1 0 C layey si lt; brown. 
1 0-74 Clayey silt; brown;  few to common redox depletions and 
concentrations; wood fragments and charcoal present; moist. 
0-76 Clayey si lt; brown;  common concentrations and depletions; near 
saturated at base of borin . 
0-75 Clayey si lt ; brown; mottles, Fe concentrations, and M n  nodules are 
common. 
0-79 
0-75 
0-76 
Clayey si lt; l ight brown to yel lowish colors (value >= 5, chroma >= 3); 
few Fe/Mn concentrations and a few nodules; saturated at 45 cm. 
!Clayey si lt; red ;  dry. 
Clayey si lt; 1 0YR 5/4 (yel lowish brown); few depletions and 
concentrations; moist to saturated at base of borin . 
0 - 76 Clayey si lt; redox depletions and concentrations within the upper 1 7  
cm; saturated at 70 cm. 
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Well Boring 
(date made) 
248 
( 1 1 /8/05) 
258 
1 1 /8/05 
268 
(1 1 /8/05) 
278 
(1 1 /8/05) 
288 
( 1 1 /8/05) 
298 
( 1 1  /9/05) 
308 
( 1 1 /9/05) 
3 1 8  
( 1 1  /9/05) 
328 
(1 1 /29/05) 
Depth Description 
(cm) 
0-77 No log recorded - see description for 24 L 
0-75 Clayey si lt; 1 OYR 4/4 (dark yel lowish brown); no redox features 
evident. 
0-1 5 Clayey si lt; 1 OYR 4/3 (brown); few Fe concentrations. 
1 5-60 Clayey si lt; 1 OYR 6/3 (pale brown); common Fe concentrations up to 
5 mm diameter. 
60-75 bright, abundant mottl ing;  disturbed soi l ,  s imi lar to the boring for well 
58R. 
0-20 Clayey silt; 1 0YR 4/3 (brown); few, 1 -mm Fe concentrations. 
20-35 Clayey silt; 1 OYR 4/3 (brown); common 1 OYR 6/2 ( l ight brownish 
grey); redox depletions and Fe concentrations common. 
35-77 Clayey si lt; 1 OYR 4/3 (brown); d istinct mottl ing ;  many redox depletions 
and Fe concentrations; very moist to wet. 
0-1 5 Clayey si lt; 1 0YR 4/3 (brown); few Fe concentrations. 
1 5-45 Clayey si lt; 1 OYR 4/3 (brown); common 1 0YR 6/2 (l ight brownish gray) 
depletions and few Mn nodules (up to 1 cm). 
45-75 Clayey silt, 1 OYR 6/2 ( l ight brownish gray); common Fe concentration 
occuring as soft masses. 
0-78 Clayey si lt g rading to silty clay below 40 cm; 1 OYR 4/3 to 1 OYR 4/4 
(brown to dark yel lowish brown); common to many redox depletions 
and concentrations each increasing in size with depth ; moist near 
surface to near saturation at base of borehole. 
0-74 Clayey si lt; gray matrix with abundant redd ish redox concentrations; 
sl ightly moist in  upper few cm, dry to -40 cm, then increasing 
moisture with depth but not saturated . 
0-76 Clayey si lt; 1 OYR4/4 (dark yel lowish brown); few redox depletions; 
moist above 55 cm, near saturated below 55 cm. 
0-78 Clayey si lt ; common redox features with in the upper 1 5  cm; saturated 
at 78 cm and water level rose to 60 cm depth with in 2-minute period 
after completion of the bori ng.  
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Well Boring 
(date made) 
33S 
( 1 1 /29/05) 
20M 
1 1 /29/05 
20L 
( 1 1 /29/05) 
Depth Description 
(cm) 
0-75 Clayey silt; brown;  common redox concentrations; saturated at 70 cm; 
borehole fi l led with water to 40 cm with in 2 minute period after 
completion of the borinq .  
0-1 41 No log recorded; see 20L. 
0-1 5 Clayey si lt; dark grayish brown; few to common depletions and 
concentrations; moist to nearly saturated . 
1 5-50 Clayey si lt; l ight to med ium gray matrix; common to many orangish 
redox concentrations that are more d istinct than above. 
50-80 Si lty clay; colors simi lar to above with many d istinct redox features 
(depletions and concentrations); blocky structure.  
80-90* Si lty clay; matrix colors are a 50/50 mix of brownish gray and med ium 
gray; few concentrations; very moist to saturated . 
90-1 00 Si lty clay; common to many Mn nodules and concentrations; clay 
content sl ightly greater than above; fine to medium blocky structure; 
very moist to saturated . 
1 00-1 20 Si lty clay; common Fe concentrations; sandy appearance due to 
abundance of M n  nodu les and concretions; very moist to saturated . 
1 20-1 40 Si lty clay; brownish gray; common to many depletions; few Fe 
concentrations; very moist to saturated . 
1 40-1 50 Clayey si lt with sand;  brownish gray; common dark grey depletions; 
sand is composed of coarse Mn nodules and med ium,  subangular 
1quartz qrains;  very moist to saturated . 
1 50-1 85 Clayey silt with sand;  brownish gray; common to many Fe 
concentrations and depletions; med ium to coarse Mn concentrations; 
materials drier below 1 70 cm, moist but not saturated . 
1 85-235 Clayey si lt; brownish gray; blocky structure; many, coarse Fe 
concentrations and depletions zonal ly distributed . 
235-280 Clayey si lt, grad ing to clay; dark gray; common depletions and Fe 
concentrations. 
280-306 Si lty clay to clay, dark gray; few to common M n  concentrations; 
*Note: At time the boring was made, there was ponded water at the surface and 
materials in upper -1 .7 m were very moist to saturated. Surface water and 
seepages from the soil zone entered the borehole. Textures below 80 cm were 
d ifficult to determine using ribbon test, especial ly where wet, but materials were 
general ly very sticky to stiff ( l ike modeling clay). 
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Well Boring Depth Description 
(date made) (cm) 
22M 0-1 78 No log recorded , but simi lar to the same interval in  22L 
(4/7/05) 
22L 0-1 80 Clayey si lt; 1 OYR 5/4 (brown); greater clay content below 1 00 cm; 
(4/7/2005) saturated below 80 cm, seepage encountered at 1 20 cm and water 
level rose from 1 20 cm to 1 00 cm depth with in  1 minute after pausing 
excavation at 1 20 cm. 
1 80-260 Clayey silt; l ight to medium gray; common to many d istinct Fe 
concentrations. 
260-280 clayey silt with sand to sandy si lt; sand consists of fine to very fine 
q uartz grains; mottled with many, coarse Fe and Mn concretions. 
280-299 Si lty clay; 1 0YR 5/8 (yel lowish brown); l ight gray; many, coarse 
concentrations; moisture content is less than above. 
23M 0-25 Clayey si lt; dark brown . 
(4/7/2005) 25-1 00 Clayey si lt; gray; distinct 1 OYR5/6 (yel lowish brown) concentrations; 
Mn nodules observed between below 60 cm; saturated at 95 cm. 
1 00-1 90 Clayey silt to si lty clay; mottled brown , yel lowish brown, and gray; 
common Mn nodules and Fe concretions i ncreasing in abundance 
with depth ; strong soil structure near the base of the boring.  
24L 0-25 Clayey si lt; 1 0YR4/4 (dark yel lowish brown); common 1 -mm Mn 
( 1 1  /8/2005) nodules; very fine blocky structure; moist 
25-75 Clayey silt grading to si lty clay; 2 .5Y 5/4 ( l ight o l ive brown); common, 
2.5Y 6/2 ( l ight brownish gray) depletions; 1 -mm Mn nodules and Fe 
concentrations; medium granular structure; moist 
75-337 Clayey si lt; 2 .5Y5/4 (l ight ol ive brown); common gray (2 .5Y6/1 ) 
depletions and many Fe masses; increased moisture content with 
depth (not saturated). 
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Well Boring Depth Description 
(date made) (cm) 
S 1  0-20 Clayey si lt; 1 OYR 4/4 (dark yel lowish brown). 
(2/7/2006) 20-75 Clayey si lt; 1 0YR 7/2 ( l ight gray);  common to many, d istinct yel lowish 
brown (1 OYR5/6) stains along peds and root channels; increasing 
moisture with depth. 
75-1 1 5  Si lty clay; 1 0YR 7/2 (l ight gray) and 1 0YR 5/6 (yel lowish brown); 
d istinct textural boundary with overlying materials at 75 cm; many, 
coarse (>3 cm) mottles; saturated at 85 cm. 
1 1 5-1 80 Clayey si lt to si lty clay; 1 OYR 6/1 (gray); many, d isti nct yel lowish 
brown ( 1 OYR 5/6) mottles; texture varies roughly every 1 0  to 20 cm 
from sandy silt to si lty clay; reddish colors below 1 65 cm; moist but 
not saturated . 
S2 0-20 Clayey si lt; 1 OYR 4/4 (dark yellowish brown). 
(2/7/2006) 20-1 35 Clayey si lt; 1 0YR 5/6 (yellowish brown); few, prominent mottles 
between 20 to 70 cm, becoming common below 70 cm, occuring as 
pale brown (1 OYR 6/3) depletions and yel lowish brown (1 OYR 5/8) Fe 
masses alonq peds; hiqher clay content below 1 1 0 cm. 
1 35-200 Clayey si lt with sand grading to sand, s i lt , and clay; d istinct mottl ing 
with abundant M n  masses; organics (plant stems) between 1 95 and 
200 cm; saturation and seepage into borehole at 1 40 cm. 
200-220 Sandy si lt; 7 .5YR 7/1 ( l ight gray); many, prominent strong brown 
(7.5YR 5/8) mottles occuring as M n  masses 1 to 1 .5 cm in d iameter; 
wet, not saturated . 
220-267 Sand , silt, and clay; coarse strong brown mottles , coarse Mn masses, 
and fine Fe concretions; saturated below 260 cm. 
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Well Construction I nformation 1 5  25 35 45 55 55R 65 75 85 
Date installed 03/21 /05 03/21/05 03/21 /05 03/21 /05 03/21/05 1 1 /08/05 03/21 /05 03/21 /05 03/21 /05 
Total length of well (m) 1 .91 1 .95 1 .93 1 .91 1 .87 1 .92 1 .88 1 .92 1 .88 
Screen length (m) 0.31 0.30 0.30 0.30 0.29 0.32 0.30 0.31 0.29 
Depth of borehole (m) * 0.75 0.76 0.75 0.75 0.76 0.75 0.77 0.75 0.76 
Bentonite seal - top (m) * 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 
Sand pack - top (m) * 0.30 0.30 0.30 0.30 0.31 0.30 0.30 0.31 0.31 
Sand pack - bottom (m) * 0.75 0.76 0.75 0.75 0.76 0.75 0.77 0.75 0.76 
Depth to top of screen ( m) * 0.40 0.41 0.43 0.40 0.45 0.42 0.43 0.40 0.44 
Depth to bottom of screen (m) * 0.71 0.71 0.73 0.70 0.74 0.74 0.72 0.71 0.73 
* referenced to land surface 
Well Construction Information 95 1 05 1 1 5  1 25 1 35 1 45 1 55 1 65 1 75 
Date installed 03/21 /05 03/21 /05 03/21 /05 03/21 /05 03/21/05 03/21/05 03/21/05 03/21 /05 03/2 1 /05 
Total length of well (m) 1 .95 1 .91 1 .91 1 .91 1 .91 1 .87 1 .88 1 .93 1 .89 
Screen l ength (m) 0.31 0.30 0.30 0.31 0.30 0.28 0.29 0.31 0.29 
Depth of borehole (m) * 0.75 0.76 0.77 0.77 0.79 0.76 0.77 0.76 0.74 
Bentonite seal - top (m) * 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 
Sand pack - top (m) * 0.30 0.30 0.31 0.30 0.32 0.31 0.30 0.31 0.30 
Sand pack - bottom (m) * 0.75 0.76 0.77 0.77 0.79 0.76 0.77 0.76 0.74 
Depth to top of screen (m) * 0.40 0.45 0.43 0.45 0.47 0.44 0.44 0.42 0.42 
Depth to bottom of screen (m) * 0.71 0.75 0.74 0.76 0.76 0.72 0.73 0.72 0.71 
* referenced to land surface 
Well Construction Information 1 85 1 95 205 20M 20L 2 1 5  225 22M 22L 
Date installed 03/21 /05 03/21/05 03/21/05 1 1 /29/05 1 1/29/05 03/21/05 04/07/05 04/07/05 04/07/05 
Total length of well (m) 1 .91 1 .91 1 .91 1 .86 3.40 1 .93 1 .95 2.76 4.29 
Screen length (m) 0.30 0.31 0.30 0.25 0.23 0.33 0.37 0.07 0.32 
Depth of borehole (m) * 0.76 0.75 0.76 1 .41 3.06 0.76 0.76 1 .78 2.99 
Bentonite seal - top (m) * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sand pack - top (m) * 0.31 0.31 0.30 1 .00 2.60 0.29 0.30 1 .50 2.51 
Sand pack - bottom (m) * 0.76 0.75 0.76 1 .41 3.06 0.76 0.76 1 .78 2.99 
Depth to top of screen ( m) * 0.40 0.40 0.42 1 . 1 2  2.79 0.37 0.27 1 .66 2.56 
Depth to bottom of screen ( m) * 0.70 0.71 0.72 1 .36 3.02 0.70 0.64 1 .73 2.88 
* referenced to land surface 
36 
APPENDIX B Well-Construction Information 
Well Construction Information 235 23M 245 24L 255 265 275 
Date installed 04107105 04/07/05 1 1 /08/05 1 1/08/05 1 1/08/05 1 1 /08/05 1 1 /08/05 
Total length of well (m) 1 .48 2.09 1 .95 3.69 1 .90 1 .95 1 .94 
Screen length (m) 0.25 0.30 0.29 0.46 0.30 0.34 0.27 
Depth of borehole (m) * 0.76 1 . 1 9  0.77 3.32 0.76 0.76 0.77 
Bentonite seal - top (m) * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sand pack - top (m) * 0.31 0 .83 0.31 2.52 0.31 0.30 0.31 
Sand pack - bottom (m) * 0.76 1 . 1 9  0.77 3.32 0.76 0.76 0.77 
Depth to top of screen ( m) * 0.43 0.82 0.46 2.82 0.42 0.40 0.47 
Depth to bottom of screen ( m) * 0.68 1 . 1 3  0.75 3.27 0.72 0.74 0.74 
* referenced to land surface 
Well Construction Information 285 295 305 3 1 5  325 335 
Date installed 1 1/08/05 1 1 /09/05 1 1/09/05 1 1/09/05 1 1/29/05 1 1 /29/05 
Total length of well (m) 1 .94 1 .95 1 .96 1 .95 1 .88 1 .93 
Screen length (m) 0.32 0.33 0.32 0.33 0.30 0.33 
Depth of borehole (m) * 0.75 0.78 0 .74 0.76 0.78 0.75 
Bentonite seal - top (m) * 0.00 0.00 0.00 0.00 0.00 0.00 
Sand pack - top (m) * 0.31 0.30 0.29 0.30 0.31 0.29 
Sand pack - bottom (m) * 0.75 0.78 0.74 0.76 0.78 0.75 
Depth to top of screen (m) * 0.40 0.42 0.38 0.42 0.48 0.39 
Depth to bottom of screen ( m) * 0.72 0.75 0.70 0.75 0.78 0.72 
* referenced to land surface 
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( in meters referenced to land surface) 
Date 
Well 1 S  
Well 2S 
Well 3S 
Well 4S 
Well 5S 
Well 5SR 
Well 6S 
Well 7S 
Well 8S 
Well 9S 
Well 1 0S 
Well 1 1 S  
Well 1 2S 
Well 1 3S 
Well 1 4S 
Well  1 5S 
Well 1 6S 
Well 1 7S 
Well 1 8S 
Well 1 9S 
Well 20S 
Well  20M 
Well 20L 
Well 21 S 
Well 22S 
Well 22M 
Well 22L 
Well 23S 
Well 23M 
Well 24S 
Well 24L 
Well  25S 
Well 26S 
Well 27S 
Well 28S 
Well 29S 
Well 30S 
Well 31 S 
Well 32S 
Well 33S 
03/30/05 
-o.oa 
-0.06 
-0.0f 
-0.1!i  
0.1 7  
** 
O.H 
O.O:l 
-0.00 
-0.0Ei 
o.m 
o.oc 
-0.00 
0.06 
-0.13 
0.1:l 
0.1 � 
-0.02 
-0.03 
-0.0E 
-0.03 
*' 
*' 
0.1 3 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
*' 
.. 
.. 
*' 
*' 
.. 
*' 
*' 
.. 
S soil-zone well 
M middle well 
L lower wel l  
04/06/05 
0.28 
0.1 4 
0.21 
-0.09 
0.33 
** 
0.5� 
0.40 
0.24 
-0.02 
0.4� 
0.3( 
0.01 
0.35 
-0.06 
0.49 
0.56 
0.29 
0.36 
o.n.:: 
0.34 
*' 
*' 
0.41 
*' 
*' 
*' 
* *  
* *  
** 
** 
** 
.. 
.. 
** 
.. 
.. 
.. 
.. 
.. 
R replacement well 
04/1 2/05 04/1 8/05 04/27/05 
0.31 0.47 
0.06 0.44 
0.2!i 0.5� 
-0.06 0.45 
0.35 0.54 
*' ** 
0.61 d i\/ 
0.4� 0.58 
0.1 9 0.33 
0.01 0.48 
0.47 di\/ 
0.3� 0.60 
0.01 0 . 39 
0.42 0.65 
-0.04 0.3� 
0.6� di\/ 
0.65 dl\i 
0.28 0.47 
0.40 0.55 
-0.04 0.3E 
0.42 0.69 
*' ** 
*' *' 
0.57 dl\i 
RDS RDS 
0.70 0.9C 
0.70 * 
0.39 0.6l 
0.36 0.6C 
** *' 
** *' 
** *' 
** *' 
** *' 
.. *' 
.. *' 
.. *' 
.. *' 
.. *' 
.. *' 
* no measurement 
** not yet installed 
0 .46 
0.34 
0.31 
0.3(] 
0.44 
*' 
drv 
0.46 
0.23 
0.38 
drv 
0.56 
0.23 
0 .67 
o.oa 
drv 
drv 
0.36 
0.52 
0.24 
0.69 
** 
** 
drv 
RDS 
0.98 
0.98 
0.51 
0 .49 
** 
*' 
*' 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
- water above land surface 
05/02/05 05/1 6/05 
0.39 0.53 
0.31 0 .38 
0.2A 0.31 
-0.06 -0.03 
0.39 0.56 
*' ** 
di\/ di\/ 
0.31:! 0.65 
0.27 0.39 
0.33 drv 
0.4E 0.70 
0.4C 0.61 
0.1 4 0.27 
0.45 0.68 
-0.01 0.24 
dl\i di\/ 
0 .62 di\/ 
0.33 0.46 
0.44 0.55 
0.0( 0.2� 
0.54 di\/ 
*' ** 
*' ** 
0.51 d i\/ 
dl\i RDS 
0.88 1 . 1 1  
0.81:! 1 . 1 1  
0.3E 0.45 
0.33 0.43 
** ** 
*' *' 
*' .. 
*' .. 
*' .. 
*' .. 
*' .. 
*' .. 
*' .. 
*' .. 
*' .. 
bold depth values less than or equal to 0.30 m 
38 
06/01 /05 
dry 
drv 
drv 
drv 
dry 
** 
drv 
drv 
dry 
dry 
drv 
drv 
0.69 
dry 
drv 
drv 
drv 
dry 
drv 
drv 
drv 
** 
** 
drv 
RDS 
1 .46 
1 .43 
drv 
0 .99 
** 
** 
.. 
** 
** 
** 
.. 
.. 
.. 
.. 
.. 
APPENDIX C Depths To Water 
( in meters referenced to land surface) 
o ... ,,. 
Well 1 S  
Well 2S 
Well 3S 
Well 4S 
Well 5S 
Well 5SR 
Well 6S 
Well 7S 
Well 8S 
Well 9S 
Well 1 0S 
Well  1 1 S  
Well 1 2S 
Well 1 3S 
Well 1 4S 
Well 1 5S 
Well  1 6S 
Well 1 7S 
Well 1 8S 
Well 1 9S 
Well 20S 
Well  20M 
Well  20L 
Well 21 S 
Well 22S 
Well 22M 
Well 22L 
Well  23S 
Well  23M 
Well 24S 
Well 24L 
Well 25S 
Well 26S 
Well 27S 
Well 28S 
Well  29S 
Well  30S 
Well 31 S 
Well 32S 
Well 33S 
07/06/05 
dr, 
dry 
drv 
drv 
drv 
.. 
drv 
drv 
dry 
dry 
drv 
drv 
dry 
dr, 
dr, 
dr. 
dr, 
di) 
di) 
dr. 
dr, 
.. 
. , 
dr. 
RDS 
drv 
1 .88 
drv 
drv 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
S soil-zone well 
M middle well 
L lower well 
08/01 /05 
dry 
dry 
drv 
dr, 
damaqec 
.. 
d r, 
dr, 
dr, 
dr, 
dr. 
dr. 
dr, 
dr, 
drv 
drv 
drv 
drv 
dry 
drv 
dry 
.. 
.. 
drv 
RDS 
dry 
2 .26 
dr, 
dry 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
R replacement well 
09/06/05 1 0/06/05 1 1 /09/05 
0.5E 0.39 dry 
dr. drv drv 
drv 0.40 drv 
0.41 0.02 dry 
damaqed damaqed damaqed 
.. .. . . 
drv dr, drv 
dry dr, dry 
dry 0.5€ dry 
0.52 0.4€ drv 
drv dr. drv 
dry dr, dry 
dry 0.1 9  0.59 
dry di) dry 
0.2� -0.0f 0.51 
dr, dr, dr, 
dry 0.5£1 0.63 
0.55 0.1 9 0.60 
0.50 0.1 � 0.61 
dr. 0.56 dr, 
dr, drv drv 
.. .. .. 
., .. ., 
dr. drv dr. 
drv drv drv 
dr-i 1 .68 drv 
2 . 1 2 1 .76 1 .81 
d r. drv dr. 
dr-i dry drv 
.. .. ., 
. , . . .. 
. , .. ., 
.. .. ., 
.. .. ., 
.. .. ., 
.. .. ., 
.. .. .. 
.. .. .. 
.. .. .. 
.. . . . 
• no measu rement 
•• not yet installed 
- water above land surface 
1 2/06/05 01/1 3/0E 
0.1 2 -0. 1 (  
0.4L -0.o.I 
o.os -0.0S 
-0.0S -0.1 :l  
damaqed damaqed 
0.3� 0.01 
0.6C 0.51 
0 .59 0.00 
0.29 -0.05 
frozen -0.0i 
drv -0.01 
0.32 -0.01 
0.09 -0.04 
0.49 0.1 �  
-0.0i -o.n 
0.44 0.00 
0.43 0.03 
0.08 -0.05 
0.0� -0.0f 
frozen -0.09 
0.44 -0.03 
0.49 0.00 
0.85 . 
0.47 0.06 
dry 0.1 9 
0 .78 0.23 
0 .82 0.2E 
0.45 0.01 
0.42 0.01 
0.49 -0.02 
0.27 . 
dr, 0.19 
0.39 -0.01 
0.55 0.01 
0.4� -0.01 
0.31 -0.02 
0.1 1 -0.03 
0.24 0.01 
0.21 -0.03 
0.53 n.ni:; 
bold depth values less than or equal to 0.30 m 
39 
02/06/06 
-0.07 
0.02 
-0.04 
-0.1 1 
damaged 
0.1 6 
0.34 
0.1 9 
0.03 
-0.04 
0.29 
0.1 0 
-0.02 
0.26 
-0.1 0 
0.26 
0.23 
-0.03 
-0.04 
-0.07 
0.02 
0.1 1  
0.51 
0.33 
0.37 
0.37 
0.38 
0.44 
0.23 
0.23 
0.1 9 
0.53 
0.27 
0.27 
0.1 3 
0.02 
0.01 
0.04 
-0.01 
0.34 
APPENDIX C Depths To Water 
( in  meters referenced to land surface) 
I Date 
Well 1 S  
Well 2S 
Well  3S 
Well 4S 
Well 5S 
Well  5SR 
Well 6S 
Well 7S 
Well 8S 
Well  9S 
Well 1 0S 
Well  1 1 S 
Well  1 2S 
Well  1 3S 
Well  1 4S 
Well 1 5S 
Well 1 6S 
Well 1 7S 
Well  1 8S 
Well  1 9S 
Well  20S 
Well 20M 
Well 20L 
Well 2 1 S 
Well 22S 
Well 22M 
Well  22L 
Well 23S 
Well 23M 
Well 24S 
Well 24L 
Well 25S 
Well 26S 
Well 27S 
Well 28S 
Well  29S 
Well  30S 
Well  31 S 
Well  32S 
Well 33S 
S soil-zone well 
M middle well 
L lower well 
R replacement well 
03/06/06 
0.25 
0.1 � 
0.1 9  
-0.0Q 
damaqed 
0.3E 
0.64 
0.41 
0.23 
O.O<J 
0.4E 
0.37 
0.09 
0.54 
-o.n..� 
0.47 
0.37 
0.09 
0.05 
-0.0d 
0.46 
0.53 
0.81 
0.52 
drv 
0.69 
0.71 
0.4( 
0.41 
0.42 
0.44 
dl"J 
0.37 
0.58 
0.42 
0.2� 
O.OA 
o.1 a  
0.1 9  
0.5E 
04/03/06 04/1 0/06 
-0.09 -0.07 
0.02 0.1 5 
-0.00 -0.02 
-0.1 0 -0.12 
damaqed damaqed 
0.1 2 0.2E 
0.36 0.45 
0.1 0 0.3� 
0.07 0.02 
-0.04 -0.06 
0.1 �  0.2� 
0.07 0.22 
-0.06 -0.03 
0.1 1 0.25 
-0.09 -0. 1 C  
0.21 0.36 
0.24 0.35 
-0.04 -0.02 
-0.07 -0.05 
-0.0i -0.0E 
0.03 0.1 9  
0.07 0.21 
0 .46 0.4E 
0.2� 0.4( 
0.42 0.50 
0 .44 0.53 
0.45 * 
0.1� 0.2E 
0.09 0.24 
0.1 (J 0.31 
0.09 0.03 
0.49 0.56 
0.07 o.2a 
0.1 2 0.39 
0.05 0.21 
0.03 0.1 E  
0.01 o.oc 
0.02 0.1 4 
0.00 0.1 1 
0.3£1 0.44 
* no measurement 
** not yet installed 
04/1 8/0E 
0.4� 
0.4S 
0.56 
0.31 
damaqed 
0.6E 
drv 
0.63 
0.44 
0 .3E 
drv 
0.58 
0.41 
drv 
0.3E 
0.65 
0.61 
0.42 
0 .41 
0.3(] 
0.64 
0.65 
0.87 
0.65 
dr, 
0.86 
0.85 
0.64 
0.64 
dr, 
0.6S 
dr\ 
0.65 
drv 
0.6C 
0.45 
0.1 9 
0.52 
0.5� 
drv 
- water above land surface 
05/04/0E 
-o.m 
0.01 
-0.0E 
-0.1� 
damaqec 
0.0 
0.6 1 
0.2� 
-0.1 < 
-0.0"l 
o.m 
0.0( 
-0. 1 ll  
0.00 
-0.H 
0.1 !  
0.1 6  
-0.04 
-0.nf 
-o.rn 
-0.01 
0.01 
0.31 
0.6� 
0.51 
0.5� 
o.ru 
0.04l 
-0.0� 
0.2E 
0.51 
-0.0� 
O.OE 
O.OE 
-0.0' 
-0.0E 
0.0� 
o.oc 
n.2:: 
bold depth values less than or equal to 0.30 m 
40 
APPENDIX C Depths To Water 
(in meters referenced to land surface) 
D<>tA 
Well 1 S  
Well 2S 
Well 3S 
Well 4S 
Well 5S 
Well 5SR 
Well 6S 
Well 7S 
Well 8S 
Well 9S 
Well 1 0S 
Well 1 1 S  
Well 1 2S 
Well  1 3S 
Well  1 4S 
Well 1 5S 
Well 1 6S 
Well 1 7S 
Well 1 8S 
Well  1 9S 
Well  20S 
Well 20M 
Well 20L 
Well 2 1 S  
Well 22S 
Well  22M 
Well  22L 
Well 23S 
Well 23M 
Well 24S 
Well 24L 
Well 25S 
Well 26S 
Well 27S 
Well 28S 
Well 29S 
Well 30S 
Well 31 S 
Well 32S 
Well 33S 
S soil-zone well 
M middle well 
L lower well 
R replacement well 
05/1 6/06 05/25/06 06/1 3/06 
-0.04 0.37 0.47 
-0.04 0.27 0.52 
-0.07 0.1 6 0.54 
-0. 1 5  0.02 damac:ied 
damaqed damaqed damaqed 
0.04 0.51 0.61 
0.17 0 .60 0.66 
0.04 0.49 drv 
-0.03 0.23 0.40 
-0.03 0.33 0.52 
0.04 0.61 drv 
0.01 0.41 drv 
-0.23 damac:ied damac:ied 
0.01 0 .42 dry 
-0.23 -0.20 -0.16 
0.19 0.63 drv 
0.09 0.52 0.64 
-0.04 0.40 0.55 
-0.06 0 .40 0.55 
-0.09 0.01 0.33 
-0.02 0.58 drv 
0.00 0.58 0 .73 
0.25 0.67 0.85 
0.09 0.57 0.62 
0.22 0.65 drv 
0.24 0.67 0.77 
0.27 . . 
0.06 0 .48 0.62 
0.03 0 .48 0.61 
-0.04 0.59 dry 
0.08 1 . 1 7  0.67 
0.33 dry drv 
-0.06 0.51 0.63 
0.05 0.64 drv 
-0.01 0.34 0.53 
-0.02 0.43 0.62 
-0.05 0.05 0.20 
-0.01 0 .56 drv 
-0.01 0 .56 dry 
0.13 0.65 . 
• no measurement 
•• not yet installed 
- water above land surface 
07/1 0/06 
dry 
drv 
drv 
damac:ied 
damaqed 
dry 
drv 
drv 
dry 
dry 
drv 
drv 
damac:ied 
dry 
0.49 
drv 
drv 
dry 
dry 
drv 
drv 
1 .2 1  
1 .40 
drv 
drv 
0.67 
1 .85 
drv 
1 .06 
dry 
0.95 
drv 
drv 
drv 
dry 
dry 
drv 
drv 
dry 
drv 
bold depth values less than or equal to 0.30 m 
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-0.5 
al (.) 
� 
:::i 0.0 en 
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E 
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� 1 .0 ..c: 
a. Q) 0 
1 .5 
LO LO LO LO LO LO LO LO 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
N N N N N N N N 
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APPENDIX C Depths To Water 
(Wells east of Sugar Camp Creek} 
LO LO LO LO co co co co 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
N N N N N N N N 
0.. ...., > (.) c .0 ..... ..... Q) (.) 0 Q) ro Q) ro 0.. (/) 0 z 0 ..., LL � <( 
- Well 9S 
----+--- Well 1 OS 
----&- Well 1 1  S 
---- Well 1 2S 
- Well 1 3S 
----+--- Well 1 4S 
----&- Well 1 5S 
---- Well 1 6S 
--o- Well 1 7S 
-<>- Well 1 8S 
--tl- Well 1 9S 
--O- Well 20S 
- Well 20M 
----+--- Well 20L 
---A- Well 23S 
-- Well 23M 
- Well 29S 
----+--- Well 30S -
----&- Well 3 1 S  
co co co co co ---- Well 32S 0 0 0 0 0 0 0 0 0 0 
N N N N N - Well 33S >. c :; Ol 0.. ro :::i :::i Q) � ..., ..., <( (/) 
-0.5  
(i) 
t.l 0.0 
� 
::::i 
(/) 
-0 0.5 
c 
� 
0 ...... 
1 .0 -0 
Cl> 
t.l 
.t• c Cl> v )  ..... 
� 1 .5 
Cl> ..... 
E 
c 2.0 :.:=.-
..r:::. ...... 
Cl.. 
Cl> 0 2.5 
3.0 
LC) LC) LC) LC) LC) LC) LC) LC) 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
N N N N N N N N 
c .0 ..... ..... >. c s Ol ro Cl> ro Cl.. ro ::::i ::::i 
..., lL � <( � ..., ..., <( 
APPENDIX C Depths To Water 
(Wells west of Sugar Camp Creek) 
� 
LC) LC) LC) LC) CD CD CD CD 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
N N N N N N N N 
Cl.. ...... > t.l c .0 ..... ..... 
Cl> t.l 0 Cl> ro Cl> ro Cl.. (/) 0 z 0 ..., lL � <( 
- Well 1 S  
--+- Well 2S 
---A- Well 3S 
- Well 4S 
-o- Well 5S 
-<>- Well 5SR 
--tr- Well 6S 
--o-- Well 7S 
--o-- Well 8S 
-<>- Well 2 1 S  
-A- Well 22S tape 
--<>--- Well 22M 
- Well 22L tape 
--+- Well 24S 
---A- Well 24L 
- Well 25S 
- Well 26S 
--+- Well 27S 
---A- Well 28S 
CD CD CD CD CD 
0 0 0 0 0 
-- Well 22L In-Situ 0 0 0 0 0 
N N N N N 
>. c s Ol Cl.. ro ::::i ::::i Cl> � ..., ..., <( (/) 
c 
APPENDIX D Water-Level Elevations 
( in meters referenced to North American Vertical Datum, 1 988) 
l n  .. t ... 03/30/05 04/06/05 
Well  1 S  1 23.66 1 23.30 
Well 2S 1 24.73 1 24.52 
Well 3S 1 24. 1 2  1 23.85 
Well 4S 1 23.6L 1 23.58 
Well 5S 1 23.39 1 23.2:: 
Well 5SR .. * ' 
Well 6S 1 23.82 1 23.45 
Well 7S 1 23.51 1 23.20 
Well 8S 1 23. 1 2  1 22 .79 
Well 9S 1 24.29 1 24.25 
Well 1 0S 1 24.31 1 23.97 
Well 1 1 S  1 23.96 1 23.67 
Well 1 2S 1 23.4L 1 23.40 
Well 1 3S 1 23.72 1 23.42 
Well 1 4S 1 23.4S 1 23.43 
Well 1 5S 1 23.67 1 23.31 
Well 1 6S 1 23.48 1 23.05 
Well  1 7S 1 23.42 1 23. 1 0  
Well  1 8S 1 23.50 1 23.1 1 
Well 1 9S 1 23.85 1 23.72 
Well 20S 1 24.24 1 23.87 
Well 20M ** .. 
Well 20L .. .. 
Well 21 S 1 23.75 1 23.41 
Well 22S ** .. 
Well 22M .. .. 
Well 22L .. .. 
Well 23S ** .. 
Well 23M .. .. 
Well 24S .. .. 
Well 24L .. .. 
Well 25S .. .. 
Well 26S .. .. 
Well 27S .. ** 
Well 28S .. .. 
Well 29S .. ** 
Well 30S .. .. 
Well 31 S .. .. 
Well 32S .. .. 
Well 33S .. .. 
Gauqe B .. .. 
Gauae C .. .. 
Gauae D .. .. 
Gauae F .. .. 
Gauae G .. .. 
S soil-zone well 
R replacement well 
04/1 2/05 04/1 8/05 
1 23.27 1 23 . 1 1 
1 24.60 1 24.22 
1 23.80 1 23.51 
1 23.55 1 23.0L 
1 23.22 1 23.02 
.. 
*
' 
1 23.36 dry 
1 23. 1 8  1 23.02 
1 22.8� 1 22.6S 
1 24.22 1 23.75 
1 23.93 dry 
1 23.63 1 23.37 
1 23.4( 1 23.02 
1 23.35 1 23. 1 3  
1 23.41 1 23.03 
1 23. 1 6  dry 
1 22.95 drv 
1 23. 1 1 1 22.93 
1 23.07 1 22.92 
1 23.80 1 23.40 
1 23.7S 1 23.52 
*
' .. 
*
' .. 
1 23.31 dry 
RDS RDS 
1 23.36 1 23 . 1 1  
1 23.3E . 
1 23.74 1 23.50 
1 23.78 1 23.53 
.. .. 
.. 
** 
** 
.. 
** 
.. 
** 
.. 
** 
.. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
M middle well 
L lower well 
44 
04/27/05 
1 23 . 1 2  
1 24.32 
1 23.74 
1 23 .H 
1 23. 1 2  
.. 
di"i 
1 23 . 1 5  
1 22.79 
1 23.85 
di"i 
1 23.41 
1 23 . 1 8  
1 23. 1 1 
1 23.28 
di"i 
dr. 
1 23.04 
1 22.95 
1 23.52 
1 23.52 
* *  
* *  
dry 
RDS 
1 23.08 
1 23.08 
1 23.56 
1 23.64 
.. 
.. 
.. 
.. 
.. 
.. 
** 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
05/02/05 05/1 6/05 06/01 /05 
1 23. 1 9  1 23.05 
1 24.35 1 24.28 
1 23.81 1 23.74 
1 23.55 1 23.5� 
1 23. 1 7  1 23.01 
. .  
*
' 
dry d!"i 
1 23.22 1 22 .96 
1 22.75 1 22 .64 
1 23.90 di"i 
1 23.93 1 23.71 
1 23.56 1 23.3E 
1 23.27 1 23. 1 4  
1 23.33 1 23.09 
1 23.37 1 23. 1 ::  
drv di"i 
1 22.9S dr. 
1 23.07 1 22.94 
1 23.03 1 22.92 
1 23.76 1 23.5:: 
1 23.67 dr. 
.. 
*
' 
.. 
*
' 
1 23.36 dr, 
dry RDS 
1 23 .H 1 22.9E 
1 23 . 1 9  1 22.95 
1 23.77 1 23.68 
1 23.80 1 23.70 
** ** 
.. 
*
' 
.. 
*
' 
.. 
*
' 
.. 
*
' 
.. 
*
' 
.. 
*
' 
.. 
*
' 
.. 
*
' 
** *
' 
.. 
*
' 
.. dr, 
.. dr. 
.. 1 2 1 .99 
.. 
*
' 
.. 
*
' 
* no measu rement 
** not yet installed 
drv 
dry 
dry 
drv 
drv 
** 
dry 
drv 
drv 
drv 
dry 
drv 
1 22.72 
dry 
dry 
drv 
drv 
drv 
dry 
dry 
drv 
** 
** 
dry 
RDS 
1 22.61 
1 22.63 
dry 
1 23 . 1 4  
** 
** 
** 
** 
** 
** 
.. 
.. 
.. 
.. 
.. 
dry 
drv 
1 2 1 .95 
* *  
* *  
APPENDIX D Water-Level Elevations 
( in meters referenced to North American Vertical Datum, 1 988) 
l n�tA 07106105 08/0 1 /05 
Well 1 S  drv drv 
Well 2S drv drv 
Well 3S drv drv 
Well 4S drv drv 
Well 5S drlJ damaaec 
Well 5SR .. .. 
Well 6S drv drv 
Well 7S drv drv 
Well 8S drv drv 
Well 9S dr.i drv 
Well 1 0S drv drv 
Well 1 1 S  drv drv 
Well 1 2S drv drv 
Well 1 3S drv drv 
Well 1 4S drv drv 
Well 1 5S drv drv 
Well 1 6S drv drv 
Well 1 7S drv drv 
Well 1 8S drv drv 
Well 1 9S drv drv 
Well 20S drv drv 
Well 20M ** .. 
Well 20L ** .. 
Well 21 S drv drv 
Well 22S RDS RDS 
Well 22M drv drv 
Well 22L 1 22 . 1  f 1 2 1 .81 
Well 23S drv drv 
Well 23M drv drv 
Well 24S .. ** 
Well 24L .. ** 
Well 25S .. .. 
Well 26S .. .. 
Well  27S .. .. 
Well  28S .. .. 
Well 29S .. .. 
Well 30S .. *' 
Well 31 S .. ** 
Well 32S .. *' 
Well 33S .. *' 
Gauae B drv drv 
Gauae C drv drv 
Gauae D 1 2 1 .90 1 21 .90 
Gauae F *' *' 
Gauae G *' ** 
S soil-zone well 
R replacement well 
09/06/05 1 0/06/05 
1 23.0C 1 23. 1 9  
drv drv 
drv 1 23.6E 
1 23.08 1 23.47 
damaaec damaaed 
** *' 
drv drv 
drv drv 
drlJ 1 22 .47 
1 23.71 1 23.77 
drv drv 
drv drv 
drv 1 23.22 
drv drv 
1 23. 1 4  1 23.42 
di", drv 
di", 1 23.07 
1 22 .85 1 23.21 
1 22 .97 1 23.35 
drv 1 23.20 
dr\ drv 
*' .. 
** ** 
drv drv 
drv drv 
drv 1 22 .39 
1 2 1 .95 1 22.31 
drv drv 
drv drv 
** ** 
.. .. 
** .. 
** .. 
.. .. 
.. .. 
.. .. 
.. .. 
** .. 
.. ** 
.. .. 
drv drv 
1 23.25 1 23.27 
1 2 1 .95 1 2 1 .95 
.. .. 
.. *' 
M middle well 
L lower well 
45 
1 1 /09/05 
drv 
drv 
drv 
drv 
damaaed 
.. 
drv 
drv 
drv 
drv 
drv 
drv 
1 22.82 
drv 
1 22.79 
drv 
1 22.97 
1 22 .80 
1 22 .86 
drv 
drv 
.. 
.. 
drv 
drv 
drv 
1 22.25 
drv 
drv 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
drv 
1 23.22 
1 2 1 .97 
** 
** 
1 2/06/05 0 1 /1 3/06 02/06/06 
1 23.4E 1 23.68 1 23.65 
1 24.22 1 24.7C 1 24.64 
1 23.9E 1 24. 1 4  1 24. 1 0  
1 23.5 1 23.6� 1 23.60 
damaaed damaaed damaaed 
1 23.2 1 1 23.54 1 23.38 
1 23.37 1 23.45 1 23.63 
1 23.01 1 23.61 1 23.42 
1 22 .7'1 1 23.0E 1 22 .99 
frozen 1 24.3C 1 24.27 
drv 1 24.42 1 24. 1 1 
1 23.65 1 23.9E 1 23.87 
1 23.32 1 23.45 1 23.43 
1 23.29 1 23.6E 1 23.51 
1 23.44 1 23.49 1 23.46 
1 23.36 1 23.8C 1 23.54 
1 23. 1 7  1 23.57 1 23.37 
1 23.32 1 23.4£ 1 23.43 
1 23.45 1 23.53 1 23.51 
frozen 1 23.85 1 23.84 
1 23.77 1 24.24 1 24 . 1 9  
1 23.72 1 24.20 1 24. 1 0  
1 23.35 * 1 23.70 
1 23.4C 1 23.82 1 23.55 
drv 1 23.88 1 23.70 
1 23.2f 1 23.8'1 1 23.69 
1 23.25 1 23.80 1 23.69 
1 23.68 1 24. 1 2  1 23.69 
1 23.7 1 1 24. 1 2  1 23.90 
1 23.91 1 24.42 1 24. 1 6  
1 24.1 3 * 1 24.21 
drv 1 23.88 1 23.54 
1 23.06 1 23.46 1 23. 1 8  
1 23.52 1 24.05 1 23.80 
1 23.01 1 23.51 1 23.38 
1 23. 1 4  1 23.47 1 23.44 
1 23.23 1 23.36 1 23.33 
1 23.28 1 23.51 1 23.47 
1 23.41 1 23.65 1 23.63 
1 23.49 1 23.97 1 23.68 
frozen 1 23.37 1 23.29 
frozen 1 23.32 1 23.31 
1 22 .0� 1 22.2E 1 22.09 
frozen 1 22 . 1 6 1 21 .97 
.. ** ** 
* no measu rement 
** not yet installed 
APPENDIX D Water-Level Elevations 
( in meters referenced to North American Vertical Datum, 1 988) 
n::it,,. 03/06/06 
Well 1 8  1 23.33 
Well 2S 1 24.54 
Well 38 1 23.86 
Well 4S 1 23.58 
Well 5S damaqed 
Well 5SR 1 23 . 1 9  
Well 6S 1 23.33 
Well 7S 1 23 . 1 9  
Well 8S 1 22.80 
Well 9S 1 24.23 
Well 1 08 1 23.95 
Well 1 1 8  1 23.59 
Well 1 28 1 23.32 
Well 1 38 1 23.24 
Well 1 48 1 23.39 
Well 1 58 1 23.33 
Well 1 68 1 23.23 
Well  1 78 1 23.31 
Well 1 88 1 23.42 
Well 1 98 1 23.80 
Well 208 1 23.75 
Well 20M 1 23.68 
Well 20L 1 23.40 
Well 2 1 8  1 23.36 
Well 228 drv 
Well 22M 1 23.37 
Well 22L 1 23.36 
Well 238 1 23.73 
Well 23M 1 23.72 
Well 248 1 23.98 
Well 24L 1 23.96 
Well 258 drv 
Well 268 1 23.08 
Well 278 1 23.48 
Well 288 1 23.09 
Well 298 1 23.21 
Well 308 1 23.30 
Well 31 8 1 23.33 
Well 328 1 23.42 
Well 338 1 23.43 
Gauae B 1 23.22 
Gauae C 1 23.29 
Gauqe D 1 22.02 
Gauae F 1 22.02 
Gauae G .. 
S soil-zone well 
R replacement well 
04/03/06 04/1 0/06 
1 23.67 1 23.66 
1 24.64 1 24.51 
1 24. 1 0  1 24.09 
1 23.56 1 23.58 
damaqed damaqed 
1 23.41 1 23.27 
1 23.61 1 23.52 
1 23.51 1 23.28 
1 22.98 1 23.02 
1 24.25 1 24.27 
1 24.27 1 24. 1 2  
1 23.87 1 23.73 
1 23.44 1 23.41 
1 23.66 1 23.51 
1 23.42 1 23.43 
1 23.63 1 23.47 
1 23.39 1 23.27 
1 23.42 1 23.40 
1 23.52 1 23.50 
1 23.80 1 23.79 
1 24. 1 7  1 24.01 
1 24. 1 3  1 24.00 
1 23.75 1 23.72 
1 23.65 1 23.49 
1 23.64 1 23.57 
1 23.63 1 23.54 
1 23.62 . 
1 24.00 1 23.85 
1 24.04 1 23.89 
1 24.29 1 24.07 
1 24.29 1 24.35 
1 23.56 1 23.49 
1 23.36 1 23. 1 5  
1 23.92 1 23.65 
1 23.45 1 23.30 
1 23.42 1 23.29 
1 23.30 1 23.32 
1 23.47 1 23.35 
1 23.62 1 23.50 
1 23.69 1 23.58 
1 23.34 1 23.30 
1 23.30 1 23.35 
1 22.79 1 22.28 
flooded 1 22.31 
.. .. 
M middle well 
L lower well 
46 
04/1 8/06 
1 23. 1 5  
1 24. 1 8  
1 23.51 
1 23 . 1 5  
damaqed 
1 22.87 
drv 
1 22.98 
1 22.60 
1 23.85 
drv 
1 23.36 
1 22.96 
dry 
1 22.98 
1 23. 1 8  
1 23.02 
1 22.96 
1 22.98 
1 23.43 
1 23.57 
1 23.56 
1 23.33 
1 23.24 
drv 
1 23.20 
1 23.22 
1 23.50 
1 23.50 
dry 
1 23.70 
drv 
1 22.78 
dry 
1 22.91 
1 23.00 
1 23. 1 3  
1 22.97 
1 23.09 
drv 
1 23.24 
1 23.28 
1 21 .99 
1 21 .85 
.. 
05/04/06 
1 23.63 
1 24.65 
1 24 . 1 5  
1 23.60 
damaqed 
1 23.50 
1 23.30 
1 23.39 
1 23. 1 5  
1 24.29 
1 24.36 
1 23.94 
1 23.55 
1 23.73 
1 23.51 
1 23.68 
1 23.47 
1 23.42 
1 23.51 
1 23.82 
1 24.22 
1 24. 1 9  
1 23.82 
1 23.28 
1 23.56 
1 23.55 
. 
1 24.08 
1 24. 1 0  
1 24.40 
1 24. 1 0  
1 23.53 
1 23.47 
1 23.97 
1 23.45 
1 23.46 
1 23.39 
1 23.46 
1 23.62 
1 23.79 
1 23.46 
1 23.37 
1 2 1 .99 
1 22.69 
.. 
* no measurement 
** not yet installed 
APPENDIX D Water-Level Elevations 
( in meters referenced to North American Vertical Datum ,  1 988) 
O::it� 
Well 1 8  
Well 2S 
Well 3S 
Well 4S 
Well 5S 
Well 5SR 
Well 68 
Well 7S 
Well 8S 
Well 9S 
Well 1 08 
Well 1 1 8  
Well 1 28 
Well 1 38 
Well 1 48 
Well 1 58 
Well 1 68 
Well 1 78 
Well 1 88 
Well 1 98 
Well 208 
Well 20M 
Well 20L 
Well 2 1 8  
Well 228 
Well 22M 
Well 22L 
Well 238 
Well 23M 
Well 248 
Well 24L 
Well 258 
Well 268 
Well 278 
Well 288 
Well 298 
Well 308 
Well 31 8 
Well 328 
Well 338 
Gauqe B 
Gauqe C 
Gauae D 
Gauae F 
Gauae G 
S soil-zone well 
R replacement well 
05/1 6/06 05/25/06 
1 23.63 1 23.21 
1 24.70 1 24.40 
1 24. 1 4  1 23.91 
1 23.61 1 23.44 
damaqed damaqed 
1 23.49 1 23.02 
1 23.79 1 23.36 
1 23.57 1 23. 1 3  
1 23.08 1 22.82 
1 24.24 1 23.88 
1 24.37 1 23.79 
1 23.94 1 23.54 
1 23.60 damaqed 
1 23.75 1 23.34 
1 23.56 1 23.53 
1 23.64 1 23.20 
1 23.54 1 23. 1 0  
1 23.42 1 22 .98 
1 23.51 1 23.05 
1 23.82 1 23.71 
1 24.22 1 23.62 
1 24.20 1 23.62 
1 23.95 1 23.54 
1 23.80 1 23.32 
1 23.85 1 23.42 
1 23.83 1 23.40 
1 23.80 * 
1 24.08 1 23.66 
1 24. 1 0  1 23.65 
1 24.43 1 23.79 
1 24.31 1 23.21 
1 23.72 drv 
1 23.49 1 22.92 
1 23.99 1 23.40 
1 23.51 1 23. 1 7  
1 23.47 1 23.02 
1 23.37 1 23.27 
1 23.50 1 22 .93 
1 23.62 1 23.06 
1 23.89 1 23.38 
1 23.29 drv 
1 23.35 1 23.30 
1 22. 1 7  1 22 . 1 5  
1 22 . 1 3  1 22. 1 7  
* *  * *  
M middle well 
L lower well 
47 
06/1 3/06 
1 23. 1 1 
1 24 . 1 4  
1 23.53 
damaqed 
damaqed 
1 22 .92 
1 23.31 
dry 
1 22 .64 
1 23.69 
drv 
drv 
damaqed 
dry 
1 23.49 
drv 
1 22 .99 
1 22 .83 
1 22 .90 
1 23.40 
dry 
1 23.47 
1 23.36 
1 23.27 
drv 
1 23.29 
* 
1 23.52 
1 23.52 
dry 
1 23.71 
drv 
1 22.80 
dry 
1 22.97 
1 22.83 
1 23. 1 2  
dry 
dry 
* 
drv 
* 
1 2 1 .99 
1 22.01 
** 
07/1 0/06 
dry 
drv 
drv 
damaqed 
damaqed 
drv 
drv 
dry 
dry 
dry 
drv 
drv 
damaqed 
dry 
1 22 .84 
drv 
dry 
dry 
drv 
drv 
dry 
1 23.00 
1 22.80 
drv 
drv 
1 23.40 
1 22.22 
drv 
1 23.08 
dry 
1 23.43 
drv 
drv 
dry 
dry 
drv 
drv 
drv 
dry 
drv 
drv 
1 23. 1 7  
1 2 1 .93 
1 21 .92 
* 
* no measu rement 
** not yet installed 
1 25.0 
� 
1 24.5 + co co (j) 
0 > <( z 
.8 1 24.0 
"O Q) () c 
-""" Q) L.. 
CXl � Q) L.. 
1 23 .5 E 
c -
c 0 :;:; co 
> 
1 23.0 Q) w 
1 22.5 
LO LO LO LO LO LO LO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N N N N N N N 
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APPENDIX E Slug-Test Methods and Analysis 
Fal l i ng-head slug tests were performed in  selected wells in winter 2006 to measure the 
hydraul ic conductivity of the shal low geologic materials and assess the potential for ground­
water contribution to restored wetlands. Fal l ing-head tests were conducted in wel ls 20L, 22M, 
22L, 23M, and 24L by introducing a 750-mL sealed PVC slug into each wel l .  Water level in 
each well (recorded at 1 -, 5-, or 60-second intervals) was logged u ntil it stabi l ized to near-static 
conditions. Automated dataloggers were used to record water levels i n  each well except 22M 
which was read manually. The durations for each test ranged from 3 minutes for well 22M to 8 
hours for well 20L. For wel ls 20L and 24L, a rising-head test was in itiated by removing the slug 
from each wel l  after the fal l ing-head tests were complete. The water level was logged u nti l  i t  
again recovered to near-static conditions. The duration for each rising-head test was 
approximately 4.5 hours .  
The s lug test data were analyzed using the AQTESOLv® for Windows Pro v .3 .5  software 
package. The Bouwer and Rice ( 1 976) model for slug tests in u nconfined partial ly-penetrating 
wel ls was appl ied to obtain estimates of hydrau l ic conductivity. The various wel l-d imension and 
aquifer parameters required to obtain solutions for these models are presented Table E 1  below. 
Because each wel l  tested was constructed using 2-in (5 .2-cm) diameter PVC casing,  well rad i i  
parameters used for a l l  analyses were r(c) = 0.026 m,  r(w) = 0.038 m,  where r(c) is the radius of 
the wel l casing and r(w) is the effective wel l  rad ius (rad ius of sand pack). Visual best-fit 
procedures were used to fit the model to the software-recommended range of water-level data. 
Graphs of the analysis are g iven below; circles indicate water-level data points , red l ines 
indicate the visual best-fit l ine,  b lue l ines indicate the recommended data range for the analysis. 
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APPENDIX E Slug-Test Methods and Analysis 
Table E1 . Well construction and aquifer parameters requ i red for the Bouwer and Rice ( 1 976) 
method. 
Well Date s(O) H D L n 
20L 1 /1 1 /2006 0.399 m 2.555 m 1 0  m 0.460 m 0.4 
22L 21712006 0.352 m 2 .463 m 1 0  m 0.480 m 0.4 
22M 21612006 0.332 m 1 .403 m 1 0  m 0.280 m 0.4 
23M 21712006 0.336 m 0 .936 m 3 m  0.390 m 0.4 
24L 1 /1 1 /2006 0.356 m 3 .251 m 1 0  m 0.800 m 0.4 
s(O) - in itial water-level displacement 
H - static water column height 
D - saturated thickness of the water-bearing un it 
L - length of the screened interval of the wel l  
n - effective porosity of the wel l  filter pack 
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APPENDIX F Locations of INHS Wetland Determinations at the Sugar Camp Creek Site 
(Adapted from the Illinois Natural H istory Survey Mitigation Site Assessment report, Plocher and Weisbrook 2004). 
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APPENDIX G Precipitation and Potential Evapotranspiration Trends 
On-site precipitation data was collected by ISGS. Weather station data 
from Du Quoin and Ina, IL were gathered by the Midwestern Regional Climate 
Center (2006).  
D monthly precipitation on-site 
• monthly precipitation at Du Quoin, IL  
-e- monthly average precipitation ( 1 97 1 -2000) at  Du Quoin, IL  
--fr- monthly potential evapotranspiration at  Ina ,  I L  (Rend Lake) 
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APPENDIX H Elevation-Area Table 
Elevation Area 
m ft ha ac 
1 23.0 403.5 2 .2 5 .6 
1 23 . 1  403.9 3 .0 7 .3 
1 23.2 404.2 3.8 9.5 
1 23.3 404.5 5.3 1 3 .0 
1 23.4 404.9 6.7 1 6.6  
1 23.5 405.2 1 1 . 1 27.5 
1 23.6 405.5 1 5 .3 37.9 
1 23.7 405.8 1 9 .6 48.5 
1 23.8 406.2 24.2 59.8 
1 23.9 406.5 28.8 71 .2 
1 24.0 406.8 32.4 80.2 
1 24 . 1  407 . 1  35.7 88.2 
1 24.2 407.5 39. 1  96.7 
1 24.3 407.8 41 .9 1 03.6 
1 24.4 408 . 1  43.7 1 07.9 
1 24.5 408.5 45. 1  1 1 1 .4 
1 24.6 408.8 46. 1  1 1 4 .0 
1 24.7 409 . 1  47.3 1 1 6.8  
1 24.8 409.4 47.9 1 1 8.4 
1 24.9 409.8 48.3 1 1 9.3  
1 25.0 4 1 0 . 1  48.5 1 1 9.9  
1 25.2 41 0.8 49.0 1 2 1 .0 
1 26.0 41 3.4 50.2 1 24 . 1  
1 26.5 41 5.0 50.9 1 25.7 
median flood level during th is study 
maximum flood level during this study 
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